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ABSTRACT
The chemistry of a r e la t i v e ly  simple halophosphine, 
d ifluorophosphine, has created a su rp ris ing  amount of controversy and 
in te re s t  in the l i t e r a tu r e  for the la s t  20 years. The re la t iv e  base 
strength of PF2 H vs PF3 , PH3  and re la ted  compounds has been 
questi oned.
This work reviews the PF2H l i t e r a tu re  and examines the unusual 
or unexplained facto rs  involved, and then delves in to  the problem via 
new experimental pathways.
An e ffe c t iv e  route to NiL4  complexes (L = PC 13 , PF3 , PF2 C1, 
Me2 NPF2 , PF2 H) has been developed to f a c i l i t a t e  the study of the Ni-P 
bond strength in ^ ^ 3 )4 , Ni(PF2 H) 4  and N i (P H 3 ) 4  and re la ted  
species. Selected ligand exchange reactions are described.
Phosphine substitu ted nickel carbonyl compounds were also of 
in te re s t .  The f i r s t  procedure for the quan t ita t ive  preparation of 
(CO) 3 NiL (L = Me2 NPF2, (Me2 N)2PF and CH3 NCH2 CH2 (CH3 ) NPF) is 
presented. Synthetic routes to two new PF2 H complexes, (CO)3 Ni(PF2 H) 
and (C0)2 N i( PF2 H) 2 are also developed. Both PF2H complexes are f u l l y  
characterized, and th e ir  in fra red  data are used to help co rre la te  the 
r e la t iv e  sigma base/pi acid character of PF2 H. Ligand exchange 
reactions invo lv ing  the d isubs titu ted  species are described. PF2 H 
appears to behave normally w ith respect to n icke l;  the re la t iv e  sigma 
base/pi acid character of PF2H is intermediate between those of PF3  
and PH3 .
Our in te re s t  in the chemistry of PF2 H stimulated an in te re s t  in 
P-H compounds in general and (R2 N)2PH type compounds in p a r t ic u la r .  
Four new secondary aminophosphines (Me2 N)2 PH, CH3 NCH2 CH2 (CH3 7 n])H, 
(C0)3 Ni[(Me2 N)2 PH] and (CO)3 Ni[CH3 NCH2 CH2 (CH3 )NPH] have been 
synthesized and characterized. A new nickel phosphorus cation,
(CO) 3 Ni[CH3 NCH2 CH2 (CH3 )NPD+, has also been prepared.
New routes to PF2H were also sought. PF2H could not be prepared 
via the reduction of PF2 C1 by L-Selectride, N-Selectride, K- 
S e le c tr id e , B2 H6, LiAl[0C(CH3)3]3H or [(CH3 ) 2 CHCH2 ]2 A1H. (Me2 N)2PH 
and (C0)3 N i[(Me2 N) 2 PH] have been investiga ted as possible precursors 
fo r PF2H species. I n i t i a l  re su lts  from the reactions of these 
species w ith  HF ind ica te  that PF2H and (CO)3 Ni(PF2 H) can be 
prepared. These reactions are described.
v
For Steven Ashley Snow
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INTRODUCTION
The chemistry of a r e la t i v e ly  simple halophosphine, d ifluoro- 
phosphine, has created a su rp ris ing  amount of controversy and 
in te re s t  in the l i t e r a t u r e  fo r the la s t  20 years. The experimental 
work described in th is  volume revolves around PF2 H, PF2 H complexes 
and re la ted  compounds. The topics treated in th is  in troduction are 
th ree fo ld : ( 1 ) the methods for the preparation of, and the basic 
chemical and physical cha rac te r is t ic s  of PF2H w i l l  be outlined, (2) 
the reaction chemistry of PF2H w i l l  be examined with p a r t ic u la r  
a t te n t io n  paid to any anomalous behavior and to the proposed 
explanations of such behavior, and (3) a description of the research 
goals fo r th is  p ro jec t w i l l  be presented.
Preparation and Charac te r is t ics  of PF?H 
In order to put the chemical s e n s i t iv i t y  of PF2H in to 
perspective, a comparison of the preparations of halophosphines and 
haloamines is  he lp fu l.  Haloamines such as NC1H2 and NCI2H were f i r s t
reported in the 1920s. They could be prepared from aqueous solutions
. 1 ?  ^
as shown in the fo llow ing reactions.
H~0
NaCIO + NH3 — — > NCIH2 + NaOH (1)
I
+ - H O
x s  NH4 CH3 C00 + 2C1^ — — » NCI2 H + CH3C00H + 2HC1. (2)
2
The course of each reaction is  dependent on the pH.
D i f 1uoroamine, NF2 H, was f i r s t  prepared and characterized by 
Kennedy and Colburn in 1959 as a byproduct of the synthesis of 
t e t r a f 1uorohydrazine.^ Gaseous difluoroamine does not decompose on 
standing a t room temperature although i t  does pose an explosive r is k  
as a l iq u id  or a so lid .
The corresponding phosphorous analogues, the halophosphines, 
proved to be more d i f f i c u l t  to obtain. The f i r s t  ind ica tion of the 
r e a c t iv i t y  of halophosphines arose during preparation attempts.
NH2 C1 can also be prepared by the reaction of NH3  and C l2, but Stock 
was unable to iso la te  PH2 C1 or PHC12 from the reaction of PH^  
and C l2 .**■ This suggests that the chlorophosphines are less stable 
than th e i r  n itrogen analogues. Wiberg and Muller-Schiedmayer assumed 
tha t a stepwise reduction occurred in the reactions of PX3 (X 
= C l, 3r)  and hyd rid ic  reducing agents (LiH, NaH,AlH3 , L iA1H4 ) such 
tha t PX2H and PXH2 were formed as reaction in te rmediates . 5 A s im ila r 
suggestion had been made e a r l ie r  concerning the presence of PH2 3r by 
Royen and H i l l , 6  but no so lid  evidence was stated in e ith e r case.
I t  was not u n t i l  1965 that Rudolph and Parry reported the f i r s t
f u l l y  characterized halophospine, d ifluorophosphine . 7 I n i t i a l l y ,
PF2H was prepared in 55% y ie ld  by the reaction of PF2I and HI in the
7
presence of mercury.
PF 2 I + HI + 2Hg ----- » P F 2H + Hg2 I 2 . (3)
The y ie ld  of PF2H was improved by Rudolph and S c h i l le r  by using PH,
V
instead of HI as is  shown in reaction (4 ) . 8 , 9
2PF2I + 2Hg + PH3  -- » 2PF2H + Hg2 I 2 + [PH]. ( 4 )
In 1970, the preparations of PIH2 and P I2H were reported by 
Schmidt and Sch rode r.^  These two species could not be iso lated.
They were stable only in the equ il ib r ium  reaction mixtures shown in 
reactions (5), (6) and (7).
HI
2 PH3  + P I3-- > 3PIH2
HI
PH3 + 2PI3 -- > 3PI2H
3PH3 + HI + P2I 4 -- > 5PIH2
PH3 + HI + P2I 4 -- » 2PI2H + PIH2
pH3  + I 2 -- > PIH2 + HI
PH3 + 2 I2 -- > P I2H + 2HI.
The only evidence fo r PC 12H and PBr2H was found in the Russian patent 
l i t e r a t u r e .  The chloro- and bromoDhosphines were reported as 
precursors fo r a va r ie ty  of phosphorous species. 1 Other evidence 
in support of these compounds was not ava ilab le  to the author. I t  is 
in te re s t in g  to note that the compound PFH2 has proven to be very 






The preparation and cha rac te r iza tion  of the new compound, PF2 H, 
made i t  possible to study the series consisting of PF3 , PF2H and 
PH3 . I t  soon became apparent tha t PF2H displayed some unexpected and 
unusual chemi s t r y .
D i f 1uorophosphine is  an iso la tab le  colorless gas which is 
reasonably stab le; i t  decomposes only slowly at room temperature and 
in contrast to NF2H i t  does not pose an explosive r is k  in the 
condensed s ta te s . ' 7 Because PF3 , PH3 and CO are known to be very 
to x ic , PF2H is  assumed to be tox ic ; high vacuum techniques are used 
w ith  a l l  appropriate safety precautions. As a liq u id  PF2H is quite 
v o la t i le ,  although i t  is  in te re s t ing  to mention that both the melting 
po int and bo il ing  point fo r PF2H are higher than those for e ithe r PF3 
or PH3 . This fac t suggests that l iq u id  PF2H is more associated in 
the l iq u id  phase than e ith e r  PF3  or PH3 . Association is also 
supported by the high dipole moment of PF2H re la t iv e  to PF3 or PH3  
[PF2H (u = 1.35 D), PF3  (u = 1.025 D), PH3  (w = 0.579 D )].1 6 , 1 7  
Difluorophosphine has been shown by microwave spectroscopy to have a 
pyramidal s truc tu re  which is  s im ila r  to the structures of PF3  and 
PH3 . I 8  See Table 1.
The basic hyd ro lys is  of PF2 D, as studied by Rudolph and Parry
1 Q
gave the fo llow ing  re s u lt .
DPF2  + 2NaOH -- * DP(OH) 2 + 2NaF (8 )
0
D P ( OH) 2 + H20 ----- > DP(OH)2 + Hg.  (9)
4
The DP(OH) 2  is  a strong reducing agent which brings about the 
reduction of H2 0. Since deuterium does not appear in the evolved 
hydrogen gas, i t  was concluded that the P-H bond is not hydrid ic.
The hydrogen is  assumed to be more protonic than the hydrogens on 
PH3 . The lower P-H stre tch ing frequency seen fo r PF2H from the 
in fra red  data suggests tha t the P-H bond in PF2 H is  more la b i le  
CPF2 H, v s(PH) = 2240 cm"1, Q; PH3, v $(p h ) = 2327 on- 1 ] . 7 The high 
degree of association seen in condensed phases of PF2 H also supports
th is  p o s t u l a t i o n . ^ » 2 0
In terms of bond strength, force constant data show that the
P-F bond is  stronger than the P-H bond [P-F = 4.888 mdyne/A, P-H =
20 21
2.891 mdyne/A]. * Bond d issoc ia tion data also indicate that the 
P-F bond requ ires more energy to dissociate than the P-H bond (100 vs 
77 Kcal/mole).22,23 f i asn photolysis experiments show that the 
primary process fo r the low energy photolysis of PF2H is as
f o l l o w s ; 2 2 > 2 4
A > 210 nm
PF2H + hv -------- > PF2 + H. (10)
No PFH rad ica l was observed in these photochemical studies. This is 
add it iona l confirmation of a strong P-F linkage. A complete study of 
the pho to lys is  of PF2H over a wide range of frequencies has not been
reported. E lectron impact ion iza tion  potentia l studies also support
25
the existence of a strong P-F bond.
Difluorophosphine has been thoroughly characterized 
spectroscop ica lly . 3 1 P, 1 9 F, *H NMR spectroscopy , 7 * 2 6  mass
5
spectroscopy , 7 in fra red  spectroscopy , 7 ’ 2 0 ’ 2 1  Raman spectroscopy , 2 0 * 2 1  
photoelectron spectroscopy , 2 7  emission spectroscopy2 8  and even an 
e lec tron  spin resonance spectroscopy study of ir rad ia ted  matrices 
containing PF2 H2 9  have a l l  been carried out.
Reaction Chemistry of PF?H 
The PF2H controversy began when the chemical re a c t iv i t y  of PF2H 
was studied. I n t u i t i v e ly  one would expect the chemical re a c t iv i t y  of 
PF2H to be in termediate between that of PF3 and PH3 . PH3 is 
fundamentally a Lewis base. I t  forms adducts with Lewis acids such 
as H+ to form PH^+; preparations are described in standard 
re fe rences . 3 0  PF3 , on the other hand, is  only a very weak sigma 
base. Van de Griend and Verkade saw HPF3 + by 31P NMR in an S02 
so lu t ion  containing the superacid HSC^F^SbF^, but no compound 
containing HPF3 + has ye t been iso la ted . 3 1  The f luo rines  on PF3  
encourage another type of r e a c t iv i t y ;  they increase the a b i l i t y  of 
the phosphorous to act as a tt acid. PF3 is  known to be a good tt acid
'io
with r e a c t iv i t y  patterns which are very s im ila r  to CO. PF2H would 
be expected to f a l l  between PH3 and PF3 in terms of acid-base 
behavior.
However, when the simple Lewis acid-base chemistry of PF2H with
boranes was studied the predicted trend in the s ta b i l i t ie s  of the
borane adducts of PF3, PF2 H, and PH3 was not observed . 3 3 , 3 4  PF2H was
shown to complex to 8 H3  and B/jHg in an anomalously strong fashion as
compared w ith  PF3  and PH3 . Thermally H3 B*PF2H is  stable in the vapor
phase a t 25°C. In contrast, H3 B*PF3 is  p a r t ia l l y  dissociated and
H B*PH? is  t o t a l l y  dissociated in the vapor phase under comparable 
3 3
cond it ions . 3 3  S im ila r  data are observed for the PF3 , PF^H and PH3 
complexes of B4 Hg . 3 4 , 3 5  The unexpected s t a b i l i t y  of PF2H borane 
complexes is  also evidenced by the comparison of phosphorus-borane 
coupling constants . 2 0  As is  seen in Table 2 the JpB fo r H3 B*PF2H is 
considerably higher than those for the PF3 and PH3 borane 
complexes. These data suggest that PF2H is a stronger base than 
e ith e r  PF3 or PH3 , since the value of Jp-g has been correlated with 
complex s t a b i l i t y  fo r s im i la r  species.26,36,37 por examp]e> Paine 
and Parry compared data from competitive base displacement reactions 
fo r a series of re la ted  phosphorus-boranes with th e ir  NMR 
experimental data and found that there is a re la t io n sh ip . 3 8  The 
order of a series of Jpg values may even be a be tte r ind ica to r 
of P-B bond strength than the actual P-B bond length in some 
cases . 3 9  However, the co rre la t ion  between the P-B coupling constant 
and the P-B bond strength is only va l id  when the phosphorus moieties 
are c lose ly re la ted  and when the same reference borane acid is 
used . 3 9 ' 4 1
A surge of in te re s t  in PF2H began as both experimental and 
theo re t ic a l researchers proceeded to investiga te  the follow ing 
questions. Why is PF2H bound more t ig h t ly  to boranes than PF3  or 
PH3? Is PF2H genera lly  a stronger base than PF3 or PH3 ? Is PF2H an 
anomalous compound? Over the past years a number of possible reasons 
fo r the apparent base strength of PF2'H have been proposed. At 
d i f f e re n t  times researchers have thought that the anomalous bas ic ity  
of PF2H was due to po la r iza t io n  e f fe c ts , 3 3 , 4 2  reorganization energy 
e f f e c ts , 3 3 , 4 3  entropy e f fe c ts , 4 4  in tram olecu lar in te ra c t io n s ,33.
7
8Table 1
S truc tu ra l Parameters for PF2 H, PF3 and PH3.
p f2h p f 3 ph3
d(PF), A 1.582 ± 0.002 1.537 ± 0.004 ----
d(PH), A 1.412 ± 0.006 --------  1.419
< FPF, deg 99.0 ± 0.2 98.2 ±0.6 ----
< HPH, deg --------  93.5
< HPF, deg 96.3 ± 0.5
(Reprinted by permission from J. Am. Chem. Soc. 1 9 6 8 ,  90, 1705. 
Copyright by the American Chemical S oc ie ty .)
Table 2
Comparison of JBp for the H3B#P^ 3-XHX Series.
h3 b*pf2h > h3 b*pf3 > H 3 B # P H 3
39 27
and possib ly even due to inherent d ifferences in PF2 H, as opposed to 
PF3  and PH3 . 1 5 , 4 3  The major arguments and discussions w i l l  be 
presented.
In 1968 Kuczkowski reported the microwave structu re  of PF2H and
l ft
some in te re s t in g  i n i t i a l  information was obtained. 0  The s truc tu ra l 
parameters of PF2H f a l l  between those of PF3  and PH3 . Data are shown 
in Table 1. PF2H is  a " t ig h te r "  pyramid than PF3 , but PH3 is even 
sm alle r . Thus PH3 has an optimal s truc tu re  for close approach and 
strong bonding with boranes. See Fig. 1. This idea is in d irec t 
con tras t w ith  the experimental evidence which c le a r ly  shows that 
the weakest the three 9 as phase phosphine borane 
complexes. The problem is  obviously more complicated than i n i t i a l  
naive hypotheses would suggest.
An in te re s t in g  explanation of the PF2 H-borane question was
presented when the microwave structu re  of f^B^PF^ was reported and
44 , . .
compared w ith that of H3 B*PF3. Three extremely in te re s t ing
s t ru c tu ra l features were noted. The f i r s t  is that the P-B bond
length in  H3 B*PF2H (1.832 A) is  almost iden tica l to that of
H3 B # P F 3  d * 8 3 6  This is  in d ire c t contrast to what had been
predicted based on semiempirical models,^ and on the s ta b i l i t y  data
of the two complexes . 3 3  This is  also surp ris ing in view of simple
e le c t ro n e g a t iv i t y  considerations. F luorines d ire c t ly  bound to
phosphorus increase the e ffec t ive  nuclear charge on the phosphorus
center. This prevents strong sigma bonding of the phosphorus center
42 -r
to Lewis acids except a t unusually short bond distances. The more 
stab le  borane complex, h^B^PF^, would be predicted to have a
9
280 .5  291.6
F1 g. 1. Sum of XPX (X = F or H) angles
294.6
s ig n i f ic a n t ly  shorter bond leng th . 3 3  The second factor of in te re s t 
is  tha t H3 B*PF2H has a staggered conformation with a plane of 
symmetry such tha t the borane group is t i l t e d  away from the f luo r ine  
atoms and toward the protonic hydrogen of PF2 H. See Fig. 2.
A th i rd  in te re s t in g  fac t is  that the b a r r ie r  fo r ro ta tion  about the 
P-B band (3.6-4.5 Kcal/mole) is  higher than one might p re d ic t , ^  
considering tha t the ro ta t io na l b a r r ie r  fo r the heavier molecule 
H3 B # P ^ 3  on y^ Kca l/m o le .^
The fac t th a t th is  complex has a pronounced t i l t  of the BH3  
group suggests a possible explanation for the greater s ta b i l i t y  
of H3 B#PF2 H compared w ith H3 B*PF^ even though the B-P bond distances 
are so s im i la r  in both cases. Pasinski and Kuczkowski postulated 
tha t the most l i k e l y  mechanism for the o r ig in  of the t i l t  is  a non­
bonded e le c t ro s ta t ic  in te rac t io n . This suggestion is supported by 
th e ir  own e le c t ro s ta t ic  c a lc u la t io n s .4  ^ An a t t rac t io n  among the 
h yd r id ic  hydrogens on the borane and the protonic hydrogen on the 
phosphine could cause the t i l t e d  struc tu re  and concurrently cause 
H^B-PF^H to be quite stable w ithout demanding a decreased B-P bond 
length. The p o s s ib i l i t y  of a s ta b i l iz in g  (H ) —  (H ) in te rac tion  
was f i r s t  proposed by Rudolph, e t a l . 2 6 , 3 3  A s im ila r  postulate can 
be used to in te rp re t  unexpected vapor pressure data and physical 
p rope rt ies  of amineboranes . 3 3 , 4 6  Log ica lly  the model could indicate 
tha t there is  a repu ls ion among the hydrid ic  hydrogens of the borane 
and the f lu o r id e s  on the phosphine ; 3 8 * 4 3 , 4 7 , 4 8  however, a repu ls ive 
term, though i t  exp la ins the geometry, does not explain the unusual 










F1 g. 2. Structure of ^B^PF^H.
Trends in n B and *H NMR data for the H3 B*PF2X (X = H ,F ,C l,B r, I)  
complexes tend to support the postu la tion of an e le c t ro s ta t ic  
in te ra c t io n  between the PF2X and BH3  moieties. n B NMR chemical 
s h if ts  and Jgp values fo r phosphine borane adducts are not absolute 
ind ica to rs  of the bas ic ity  of the phosphorus c e n t e r h o w e v e r ,  for a 
c lose ly re la ted  series such as H3 B*PF2X (X=halogen, hydrogen) a 
co r re la t io n  has been drawn . 3 8  The observed chemical s h i f t  values 
fo r the series H3 B*PF2X (X=halogen) follow a smooth trend in that the 
most stable complex, H3 B*PF3, has the fu r thes t upfie ld  s h if t .  See 
Table 3.33,36,38,49 The chem1cal shi f t  0f the even m r e  stable
complex H3 B*PF2 H, however, is  not fu r the r up fie ld . This can be 
in te rp re ted  to suggest tha t the increased s ta b i l i t y  of the PF2H 
borane is  not due to increased sigma base strength (which should 
cause increased sh ie ld ing of the nucleus). The s ta b i l i t y  may 
instead be re la ted  to some other factor such as an e le c t ro s ta t ic
oo
a t t ra c t io n  as suggested by the t i l t  of the BH3  and PF2H un its.
S im i la r  data are seen fo r the chemical s h i f t  values.
Postu la tions tha t the observed t i l t  could be caused by a 
"hyperconjugated" type of bonding in te rac tion  between the
e lec trons  of the borane group and the phosphorus d o rb ita ls  were not
••
supported by o r ig in a l extended Huckel MO ca lcu la tions or by B-H force 
constant data, but the p o s s ib i l i t y  could not be completely 
e l im in a te d . 3 8 , 4 4  An e le c t ro s ta t ic  in te rac t ion  between the two halves 
of the H3 B*PF2H molecule could p a r t ia l l y  explain the high ro ta tiona l 
b a r r ie r  which has been observed, although researchers believed that 




n B and Chemical S h if t  Data for the Series H B»PP X
J L
(X = halogen) and for Related Species.
A. H^B*PF2X (X = halogen) series U B, 6 ppm XH, 6 ppm
S ta b i l i  ty  H • PF21 1 fN
J
UD • 1 . 2 2 Shielding
Increases H^B-PF^r -34.7 0.97 Increases
h3 b*pf2ci -38.2 0.54
H3B‘ PF3
-48.2 0 . 0 0
B. Comparison Values U B, 5 ppm XH, 6 ppm
H3 B*PF2H -42.1 0.78
H 3  B *PH 3 -42.5 0.53
H^B'PMe^ -36.8 1.16
H3 B*PF2 NMe2 -43.1 0.30
NMR values vs. BF3 *0Et2 , *H NMR values vs. TMS. Downfield is  
posi t i  ve.
believed tha t there is  no sing le e ffec t that contributes 
predominantly to the increased s t a b i l i t y  of H3 B*PF2 H, but that a 
combination of the t i l t  e ffec t, the reorganization energy e ffec t and 
possib ly even a small entropy e ffec t must be considered . 4 4  I f  the 
t i l t  mechanism is not the major fac to r, then the questions concerning 
PF2H are s t i l l  unanswered. Why is H3 B*PF2H so stable? Is PF2H an 
anomalously strong Lewis base towards a l l  acids, and i f  so, why?
In 1972 Centofanti addressed these questions . 3 7  Since the adduct 
strength of halophosphine borane and organophosphine borane complexes 
vary re g u la r ly  in a H3 B•PR3 „XR1x series he was interested in 
in ves t ig a t in g  the P-H series. He hoped to determine what e ffec t the 
P-H moiety would have. He studied the re la t iv e  bas ic ity  of (CH3 0)2PH 
and the other members of the (CH3 0 ) 3 _ XPHx series towards BH3. He 
showed tha t the B-P coupling constants indicated a steady decrease in 
the b a s ic ity  as seen on Table 4 . 3 7  This "normal" behavior of th is  P­
H compound does not shed much l ig h t  on the question of why the 
unusual trend is  observed for the PF3-X^x series. Differences in 
e le c t ro n e g a t iv i ty  and ptt—dtt back bonding considerations of the -F and 
-0CH3  groups may be very important. Centrofanti suggested that a 
s l ig h t  Coulombic a t t ra c t io n  between the P-H and B-H hydrogens is 
present in both P-H series. However, i f  there were a large 
con tr ibu t ion  to the bas ic ity  of (CH3 0 )2PH due to pTT-d* electron d r i f t  
from the oxygen to phosphorus i t  could possibly overwhelm the
e le c t ro s ta t ic  (H6 +)---(H6” ) contribu tion to bond strength and cause
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the (CH3 O) 3 _xPHx se ries  to have a regular change in bas ic ity .
When Paine and Parry investigated the s ta b i l i t y  of H3 0 *PF2 X
( X= halogen) species they found that there was decreasing complex 
s t a b i l i t y  w ith increasing size of X. 3 8  Note that th is  is  the d irec t 
opposite of what would be expected fo llow ing f i r s t  order 
e lec tronega tiv ity /s igm a base in te rp re ta t io n s . This re s u lt  can be 
ra t io n a l iz e d  by applying a po la r iza t ion  model. The coordination of 
phosphorus ligands to boranes is thought to be strongly f ie ld  
dependent.33,4  ^ This f ie ld  strength depends on the l im it in g  approach 
distance between the phosphorus and boron centers. Paine and Parry 
suggested tha t repuls ions among the hydrid ic  hydrogens on the borane 
and the halogen, X, on the PF2 X moiety would r e s t r ic t  the phosphorus- 
boron approach. 0  So, as the size of X increases the B-P bond 
distance should increase and/or the molecule should d is to r t  to 
re l ie v e  the repu ls ion. E ithe r re su lt  would cause the s ta b i l i t y  of 
the P-B complex to decrease. When X=H, such as in PF2 H, the size of 
X is small. One would expect a more stable compound due to less 
repu ls ion and s te r ic  hindrance. The need for d is to rt io n  is 
removed. But as Pasinski and Kuczkowski reported, there is a 
d is to r t io n  in H3 B*PF2H in the opposite d irec tion  from those in 
the H^B#PF^X se r ie s . 4 4  This d is to r t io n  is consistent with a 
(H ’ )— (H ) a t t ra c t io n  as discussed e a r l ie r .  PF2H f i t s  neatly in to 
the H3 B*PF2X series when the s l ig h t  differences in the e lec tro s ta t ic  
in te rac t io n s  are accounted fo r . 3 8  As is shown using the Jgp 
comparisons on Table 5 } 3 3 * 3 8  one would expect that the PF2 H borane
complex would be the most stable. Displacement reaction resu lts
26 38
support th is  order of bond strength. *




Jgp to r H3 B*P(OCH3 ) 3 _x Hx Series as Measure of Base 
Strengths for the P(0CH3)3_x HxSeries.
P(0CH3 ) 3 > HP(OCH3 ) 2  > H2 P(OCH3 ) > h3p
h3b * P(och3 ) 3 H3 B*P(0CH3)2H h3b *p{och3 )h2
H3B*PH3
J gp=97Hz JBP=75Hz Jgp=55Hz Jbp=27Hz
Table 5
Comparison of Jgp and v(BH) for the H3 B *PF2X
(X = H,F,C1,Br, I ).
Series
h3 b*pf2h H3 B*PF3 H3 B*PF2 C1 H3 B*PF2Br H3 B-PF2I
j 8P 49
(Hz)
39 27 19 <15
v(BH) 2462 
(cm 1)
2455 2445 2440 2435
the trends in b as ic ity  of PF2 X borane complexes (X=halogen) using a
model which assumes that the parameter which l im its  the s ta b i l i t y  of
the P-B bond is  an e le c t ro s ta t ic  repulsion between the X groups
attached to phosphorus and the boron acid. Using simple
e le c t ro s ta t ic s  and S la te rs  screening constants to get e ffec tive
nuclear charge, he calculated the e le c t ro s ta t ic  in te rac t ion  between
the ha lide , X, and the phosphorus atom in PF2 X. He then assumed that
th is  value would co rre la te  with the sigma base strength of the
f 1 uorophosphine as measured by the experimentally observed Jgp.4^
Extensions of th is  comparison produced a formula for predicting
phosphorus boron coupling constants as shown on Table 6 for re lated
PF2X type compounds. 4 7  Applying these arguments to H3 B»PF2X gave Jgp
values tha t are in f a i r l y  close agreement with the experimentally
obtained values when X is  a halogen. Simple e le c tro s ta t ic
considerations are not enough, however, in the case of H3 B-PF2 H. The
calculated JBP fo r H3 B*PF2H is less than half of the observed
value. This d ifference was not addressed by Centofanti. He did
propose a possible explanation for the increased s ta b i l i t y  of
H3 B*PF2H compared w ith H3 B*PH3 . The e lec tronega t iv ity  of the -PF2
moiety could cause the hydrogen on PF2 H to be much smaller than the
hydrogens on PH3 . Larger hydrogens on PH3 would be more hydrid ic
which would hinder the approach of the boron hydride and cause
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H3 3 *PH3 to be a weakly bound complex.
In 1975 Armstrong published the ab in i t i o  (LCAQ-MO-SCF) 
e le c tro n ic  s truc tu res of PF2 H and H3 B*PF2 H and provided new 
in fo rmation about the unusual features of these compounds. 4 3
18
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Compari son of Calculated
Table 6  
and Actual JBp for H3 B*PF2X Species.
H3S•pf2x 7 a zef f r b JBp ca lc .c J Bp act
X = H 0.7 0.38 22.3 49
X = F 4.86 0.72 41.4 39
X = Cl 5.75 1 . 0 0 24.8 27
X = Br 7.25 1.14 24.0 19
X = I 7.25 1.35 16.7 15
a. Ze tt  = e ffe c t ive  nuclear charge
b. r  = covalent radius
C. J pB = 4 . 5 9 )  - 1.59
Previous ca lcu la tions  on H3 B*PF2H had been semiempir i c a l^  and 
em p ir ic a l4 4  in  nature, although a s im ila r  ab in i t io  study on PF2H had 
p rev ious ly been attempted . 4 8  The data were in te rp re ted  as having 
shown tha t PF2H required less energy to reorganize p r io r to bonding 
with BH3  than did PF3 . Although th is  favors the formation 
of H3 B*PF2 H, he believed that i t  c le a r ly  was not the dominating 
fac to r for determining the order of s t a b i l i t y  of PF3 , PF2H and PH3 
borane complexes. 4 3
Armstrong's e lectron density re su lts  demonstrated that the 
e lectron donation from the phosphorus to the borane un it decreases in 
the order PH3  > PF2H > PF3 . 4 3  Therefore, the e lectron transfe r 
process of PF2H is  a hybrid of that of PH3 and PF3 as would be 
expected from simple e le c t ro neg a t iv ity  considerations. Labarre and 
Le ib o v ic i's  CND0/2 ana lys is  of e lectron densities stressed the 
importance of the 3s( P) -► 2p (B) e lectron trans fe r (sigma bonding) in 
the formation of these halophosphine boranes . 5 0
Armstrong's ca lcu la tions  suggested some other considerations.
He predicted that the phosphorus d o rb ita l population would increase 
on coordination of the phosphorus center to the borane moiety . 4 3  I t  
was suggested that th is  increased e lectron density in the d o rb ita ls  
on phosphorus came in part from the e lectrons pa rt ic ipa t ing  in the 
boron-hydrogen bonds. The decrease in the e lectron density of the B- 
H linkage was co rre la ted to the strength of the B-P bond. As more 
f lu o r in e  atoms replace hydrogen atoms on phosphorus, the -rr-back 
bonding to phosphorus d o rb ita ls  increases. These theore tica l 
arguments can be used to support a "hyperconjugative" type of H3 B > P
20
"-back bonding s im i la r  to tha t discussed e a r l i e r . 3 8 , 5 1  The 
co rre la t io n  of d o rb i ta l e lec tron density w ith the number of f luo r ine  
atoms on the phosphorus is  expected from these basic arguments.
Since Armstrong's model stresses the ro le  of p7T-dtt back bonding 
and minimizes the sigma component of the B-P bond in the fluoro- 
phosphine boranes, his model predicts that b^B-PF^ should have the 
strongest B-P bond. The observation that H3 B*PF2H is ac tua lly  more 
stable than ^B-PF^, as shown experimenta lly by Rudolph and P a rry , 3 3  
i l l u s t r a t e s  an important po in t; a hyperconjugative e ffec t is at best 
only one of a number of forces which can contribute to B-P bond 
strength. Support for th is  is  also obtained from in fra red  
spectroscopy data, NMR spectroscopy data and ea rly  Huckel 
ca lcu la tions : (1) Paine and Parry assume that the v(B-H) is an 
approximate measure of the B-H force constant. A comparison of 
v(B-H) fo r a series of H^B-PF^X species then indicates that the B-H
oo
force constant decreases w ith decreasing P-B bond strength. See 
Table 5. (2) Centofanti showed that boron-phosphorus NMR coupling 
constants can be predicted using only simple e lec tro s ta t ic s  as 
discussed e a r l ie r .  This p red ic tion would not be possible i f  the 
hyperconjugative type bonding was a major fa c to r . 4 7  And, (3) a MO 
in ves t ig a t ion  by Pasinski and Kuczkowski as to the source of the t i l t  
in H3 B• PF2H suggests that a dTT-pir in te rac t ion  is not a major 
fa c to r . 4 4  This experimental and theo re tica l information makes i t  
d i f f i c u l t  to f u l l y  accept the hyperconjugative bond model.
Armstrong acknowledged the defic ienc ies in th is  model and tr ied  
to exp la in  the observed cha rac te r is t ie s  by invoking a th ird  facto r.
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His ca lcu la t ions  show evidence for long range antibonding forces
between the boron hydride and the fluorophosphine m o ie ties . 4 3  This
antibonding type of in te rac t io n  is s im ila r  to the repuls ive
e le c t ro s ta t ic  in te rac t io n  which had been predicted e a r l ie r  by Pa rry 4 2
and numerous other researchers. The des tab il iz ing
antibonding in te rac t io n  is  greatest in the case of H^B^PF^.
H3 B*PF2H would be des tab il ized  less due to the replacement of one
e lec tronegative  f lu o r in e  atom by a small, e lec tropos it ive  hydrogen
atom. The a b i l i t y  fo r H^B-PF^H to t i l t  to lessen the repu ls ive
in te rac t io ns  also favors s t a b i l i t y  of the complex. Armstrong
concluded tha t the order of s t a b i l i t y ,  H^B-PF^H > H3 B*PF3 >
H 3 B•PH 3, is  indeed due to a va r ie ty  of facto rs. His arguments 
43are. °
1 . H^B^PF^H is  more stable than H^B-PH^, even though PH3  is  a 
stronger sigma base, due to a diT-pir " hyperconjugati ve" type back 
bonding in to  the P(d) o rb i ta ls  on PF2 H. This 7T-back bonding 
increases w ith the number of e lectronegative substituents on 
phosphorus, so the importance increases PH3  < PF2H < PF3 .
2. H3 B'PF2H is  favored over H3 P*PF3 due to a decrease in 
d e s tab il iz in g  e le c t ro s ta t ic  in te rac t io ns . H3 B*PF2H can t i l t  to 
re l ie v e  repuls ion as shown by Pasinski and Kuczkowski4 4  and i t  has 
fewer f lu o r in e s  to rep u ls iv e ly  in te ra c t  with the boron hydride 
moiety.
3. H3 B*PF2H formation is s l ig h t ly  favored over H3 B*PF3  
formation due to a low reo rgan iza tion energy as f i r s t  suggested by 
Rudolph and Parry.
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4. Armstrong reports tha t favorable o rb ita l energies in PF2H 
vs. PF3  promote the s t a b i l i t y  of the H^B^PF^H complex. This is 
am p lif ied  in the fo llow ing section.
One assumes tha t the f i r s t  three factors are va lid . However, 
the fou rth  fac to r is  open to fu r th e r examination. For donor-acceptor 
complexes the HOMO (highest occupied molecular o rb i ta l)  and LUMO 
(lowest unoccupied molecular o rb i ta l)  are of great importance. The 
sigma base strength of a ligand is determined p r im a r i ly  by the HOMO; 
the pi acid strength is  determined by the LUMO. A ligand which has 
both sigma base and pi acceptor character w i l l  be contro lled by both 
the HOMO and LUMO. The energies of the highest f i l l e d  and lowest 
vacant o rb i ta ls  of PF3 , PF2H and PH3  are shown in Table 7 as 
calcu la ted by Armstrong . 4 3  The sigma base strength of PF2 H, 
predicted from the highest occupied o rb ita l values, is intermediate 
between PF3  and PH3 . This is  also in agreement with Armstrong's 
e lec tron  density r e s u l t s . 4 3  However, Armstrong states that from 
these o rb i ta l  values PF2H is  a be tte r Lewis base than e ith e r  PF3  or 
PH3 . We be lieve  tha t his statement is  in d irec t disagreement with 
his own numerical data. I t  can be seen from Table 7 that PF2H is 
predicted to have the lowest unoccupied o rb i ta l .  I f  th is  ca lcu la tion  
is  accurate, i t  means tha t PF2H would be a s l ig h t ly  stronger pi acid 
than PF3  and a much stronger pi acid than PH3 . I t  is possible that a 
combination of those factors could allow PF2H to form stronger pi 
bonds than o r ig in a l ly  an tic ipa ted but in no way does i t  suggest a 
stronger sigma bas ic ity  fo r PF2 H. The p o s s ib i l i t y  of more favorable 




Calculated Molecular O rb ita l Energies for 
PH3 , PF2H and PF3 .
ph3 pf2h PF3





0 .168a 0.139 0.141
a. L is ted as -0.168 in reference 43, but from discussion in tex t i t
must be a typographical e r ro r .  I f  -0.168 for PH3 is  indeed
correct then PF2H does not have the lowest-lying vacant o rb i ta l ,
and the tt acceptor character of the three ligands must be PH3 >
PF2H > PF3  which would be quite unexpected.
suggested tha t PF2H is  " in h e ren t ly "  d if fe re n t .  This opened a new 
avenue for debate; is  PF2H re a l ly  inhe ren tly  d if fe re n t ,  and i f  so, 
why?
In 1979 add it iona l information was obtained when two research 
groups independently investiga ted the complete v ib ra t io na l spectra 
and normal coordinate ana lys is  of PF2 H. 2 0 , 2 1  Dunning and Tay lo r's  
force constant data ind ica te  tha t the P-H bond in PF2H is very 
s im i la r  to those in PH3 , and that the P-F bonds in PF2H are very 
s im i la r  to those in PF3 . They conclude from th e ir  study that the 
p roperties of PF2H represent a log ica l in te rpo la t ion  from those of 
PF3 and PH3 . 2 0
Armstrong's fou rth  postulate spawned other research. I f  
favorable o rb i ta l energies and lower reorganization energies are 
dominant in determining the s t a b i l i t y  of H3 B*PF2H then other PF2H 
complexes, such as Ni(PF 2 H)4 , should also show an anomalous 
s t a b i l i t y . 1 4 , 5 2  Knowing tha t PF3  is  a strong t t  ac id , 3 2  and that PH3  
is  p r im a r i ly  a sigma base, Parry and co-workers carried out studies 
to more p rec ise ly  define the re la t iv e  strength of PF2H as a pi-acid/ 
sigma base towards n ic ke l.  Ni(PF3 ) 4  is  known to be a stable 
complex, 5 3  while  N i( PH3 ) 4  is  only stable below -30°C.54 Previous 
attempts to make Ni(PF 2 H) 4  from N i(CO) 4  had t a i le d . 2 5  Montemayor and 
Parry attempted to prepare Ni(PF2 H) 4  by reaction with su lf ide  
activa ted bulk n ic ke l,  but they were not successful . 1 4  I t  was not 
u n t i l  S tap lin  and Parry u t i l iz e d  the metal atom reactor that the
O 1
e lus ive  N i( PF2 H) 4  was synthesized and f u l l y  characterized by IR, p, 
19F and NMR spectroscopies . ' 5 2
25
In an e a r l ie r  repo rt Reddy and Schmutzler found that a number of 
NMR parameters such as the *Jpp, the A6 (F) and the A6 (P), where
A<S = 6 n i ( P F X) ” 6PF X» C0L,ld be Q uan t ita t iv e ly  re la ted to the
e le c t ro n e g a t iv i ty  of X in PF2X and in N i(PF2 X) 4 . Ext rapol at i ons of
the Reddy and Schmutzler co rre la t ion  proved to be useful for roughly
p red ic ting  these NMR parameters fo r PF2H and the new N i(PF2 H) 4 . 5 2
Fig. 3 shows the change in 3 P^ chemical s h i f t  values and in ^Jpp
values for N i(PF2 X ) 4  as a function of e le c tro nega t iv ity .  The ^Jpp
predicted for Ni(PF 2 H) 4  is  roughly consistent with the actual value
of -1040 Hz, and the A6 (P) data give a value of - 6  ± 2 ppm while the
actual value is  [ 6 (P )N^ pp - fi(p)pp H = 218 PPm “ 224 PPmJ
= - 6  ppm. The a b i l i t y  to co rrec t ly  pred ic t such data for the
complex N i(PF2 H) 4  supports the idea that PF2H is  not anomalous.
Further evidence fo r th is  is  that the apparent order of
s t a b i l i t y  based on the ease of decomposition for the nickel
tetracoord inated complexes is  as fo llows: N i(PF^ ) 4  > Ni(PF2 H) 4  >>
Ni(PH3 ) 4 - ^ 2  From these data i t  appears that the re la t iv e  pi
acid/sigma base strength of PF2H toward nickel is  intermediate
between that of PF3  and PH3 . S tap lin  and Parry questioned the so-
ca lled anomalous bas ic ity  of PF2H towards boranes. They believed
that there was not an unusual bas ic ity  of PF2 H, but ra the r that there
was an unique in te rac t io n  between the PF2H and borane moieties, as
evidenced by the t i l t  discussed e a r l ie r ,  that caused the s ta b i l i t y  of 
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H3 B*PF^H. Unfo rtuna te ly , the evidence produced from the nickel 
experiments did not end the speculation and in te re s t  over PF2 H.
Other studies gave some evidence supporting an increased bas ic ity  of
26
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2 3 4  5
X = H C6H5 N ( E t )2 O C ^  F
E L E C T R O N E G A T I V I T Y  
of X
F 1 g. 3. chemical s h i f t  values and *Jpp for N1(PF2 X ) 4  ser ies
as a function of e le c t r o n e g a t iv i ty .
(Reprinted by permission from Inorg. Chem. 1979, 18, 
1473. Copyright by the American Chemical SocietyTT
p f 2 h.
Odom and Zozulin studied the reaction of PF2 H, PF3, PH3 and 
other phosphines w ith NO.56 They proposed a reaction mechanism 
invo lv ing  an unusual, unstable, 5-coordinate, intermediate species; 
X3 PON, where the phosphine acts as a Lewis acid and NO acts as a 
Lewi s base.
PX3  + NO -- > X3P :0: N•. ( 1 1 )
This intermediate then reacts w ith NO via one of two competitive 
reaction pathways as shown in reactions 1 2  and 13.
X3 P0N + NO -- > X3 P0 + N20 (12)
/0-N" X.P
X^PON + NO -- > "XoP^ | 2X PO + n (13)
0-N
In reaction 13 a h ighly unstable 6 -coordinate intermediate species is  
envisioned. See Fig. 4. In order for reaction 13 to occur, the 
phosphorus center must be a strong enough e lectron acceptor to 
s ta b i l iz e  the 6 -coordinate in termediate X3 P02 N2. The ra t io  of N2 :N20 
produced in these reactions can be used as a q u a l i ta t iv e  measurement 
of the acid-base character of the PX3 moiety. The reaction of NO 
with PF2H gave a maximum N2 :N20 ra t io  of 0.9:1. This ra t io  is much 
lower than the analogous ra t io  of 1 2 . 8 : 1  for the PF3  reaction and is 
s l ig h t ly  lower than, but much closer to, the value of 1.4:1 observed 
fo r  the PH3  reac tion . They concluded from th is  that PF2H is a
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PON x3 P02n2
Struc tur es  of proposed Intermediates in the reaction of 
phosphines and NO.
s ig n if ic a n t ly  weaker acid than PF3  or the other halophosphines . 5 5  In 
fac t, PF2H may be most s im ila r  to organophosphines such as PMe3  wnich 
reacts w ith  NO to produce N20 as the only nitrogen containing 
product. Odom and Zozulin suggest that th is  decreased ac id ity  of 
PF2H is in agreement w ith an increased bas ic ity  of PF2H vs PF3 and 
PH3  as proposed e a r l i e r . ^
A photoelectron spectroscopic in ves tiga tion  by Cowley and co­
workers probed the re la t iv e  positions of HOMO and LUMO o rb ita ls  for 
PF3-nHn sPecies t 0  determine whether PF2H i t s e l f  exhib ited any 
unusual fe a tu re s . 1 5  The calculated ion iza t ion  energy data for PF2H
show that PF2H is indeed intermediate in behavior between PF3 and
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PH3 . See Fig. 5. Note that a l in e a r  re la t ionsh ip  is  not 
observed. The same trend in ion iza t ion  po ten tia ls  was also seen by 
ab i n i t i o  MO c a lc u la t io n s . 5 7  The lower ion iza t ion  energy for PF2H 
re su lts  in an increased lone pa ir s ta b i l iz a t io n  energy as a 
phosphorus boron bond is  formed. See Fig. 6 . Lone pa ir 
s ta b i l iz a t io n  energies can be used as a crude ind ica tion of sigma 
donor a b i l i t y .  These ca lcu la tions  show that PF2H has the greatest 
s ta b i l iz a t io n  energy of the t r io ,  and th is  suggests that PF2H is the 
best sigma donor. Cowley and co-workers admit that the differences 
in the donor a b i l i t i e s  of PF2 H, PH3  and PF3 are small. They believe 
that these s l ig h t  d ifferences are emphasized when the phosphines are 
involved in the formation of weak complexes. In the case of the 
phosphine borane complexes which have marginal s t a b i l i t y  they believe 
tha t a d iffe rence as small as 2-4 kcal/mol in proton a f f in i t y  could 
g rea t ly  in fluence the s t a b i l i t y  of the complex, such that
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F1g. 5. Ionizat ion energies (eV) for the HOMO's of PH3 , PF 
PF3  as calculated by Cowley et a l .
(Reprin ted by perm ission from Ino rg . Chem. 1982, 2 





H^B-PF^H would be the most s tab le . 1 5  This work does not explain the 
"normal" s t a b i l i t y  pattern seen in the tetracoordinated nickel 
complexes where Ni(PF 3 ) 4  > Ni(PF2 H) 4  > Ni(PH3 ) 4 . 5 2  I f  PF2H is a 
stronger sigma base than PF3 and PH3  as proposed by Cowley then in 
the n ickel series one would expect to see the same pattern, or at the 
very le as t PF2H and PF3  should appear to be comparable. I t  is 
possible tha t w ith the nickel complexes the pi ac id ity  of the 
fluorophosphines outweighs the sigma base importance. But, i f  th is  
is  so, and i f  Armstrong was correct in ca lcu la ting  that PF2H is a 
s l ig h t ly  stonger iT-acid than PF3 4 3  then we see no acceptable reason 
fo r the Ni(PF2 H) 4  complex to be intermediate in s ta b i l i t y .  There are 
contrad ic to ry data from these studies.
Cowley and co-workers compared th e ir  data with that for another 
PH series , PMe3 _xHx . PMe2H and PMeH2 have s l ig h t ly  la rge r proton 
a f f i n i t i e s  than would have been estimated from a l in e a r  in te rpo la t ion  
of the proton a f f i n i t y  data of PMe3 and PH3. They believe that th is  
suggests tha t the intermediate species, PMe2H and PMeH2, also have 
unusual sigma b a s ic it ie s  s im ila r  to PF2 H. They conclude that lower 
symmetry phosphines, l ik e  PF2H or PMe2 H, have abnormal Lewis base 
character which may be due to the fac t that more o rb ita l in te rac tions 
are allowed fo r less symmetrical species . 1 5  In other words, they 
be lieve tha t PF2H is  inhe ren tly  more basic than PF3  or PH3. However, 
the order of b a s ic ity  fo r the PMe3 _xHx series has been shown to be 
PMe3 > PMe2H > PMeH2 > PH3  for th e ir  BH3, BMe3, BF3 and H+ 
adducts.
The argument of Cowley et a l.  is  also weakened considerably by
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t h e i r  own s tru c tu ra l considerations. They assume, (1) that the 
bas ic ity  of a species is  re la ted  to the reorgan ization energy 
necessary fo r bonding and (2 ) tha t the species with the widest bond 
angle would requ ire  less reorgan ization energy and so should be the 
most basic. But, as shown e a r l ie r  on Fig. 1, the sum of the bond 
angles fo r PF3  is  la rge r than that for PF2H or for PH3 . I f  Cowley's 
second postu la te were true , PF3  would be the strongest base, and 
^ 3 B ’ p ^ 3  the s tron9est adduct. A mathematical e rro r in the report by 
Cowley misled him to be lieve tha t th is  s truc tu ra l re la t ionsh ip  
favored PF2 H, and supported his PES study . 1 5
The work of Cowley e t a l.  contrasts with that of Abasar and Van 
Wazer. 4 8  They calculated ab i n i t io  ( LCAO-MO-SCF) o rb ita l energies of 
PF3 , PF2H and PH3. The o rb ita l energy of the phosphorus atom inner 
o rb i ta ls  as calculated by Abasar and Van Wazer varies in an 
approximately l in e a r  fashion with the e le c t r ic a l charge on the 
phosphorus across the series P^-x^x* They believe that th is  type of 
l in e a r  behavior is  only seen for a c losely re la ted series of 
molecules such as PF3, PF2H and PH3. They also examined the binding 
energies of the three species. Again, PF2H is intermediate between 
PF3  and PH3 , but in a s l ig h t ly  nonlinear fashion. See Fig. 7. PF2H 
appears to be s l ig h t ly  des tab il ized . They suggested that th is  
d e s ta b i l iz a t io n  may be a consequence of a through space repulsion 
between the f lu o r in e s  and hydrogen on PF2 H. 4 3  A repulsion of th is  
type would not be expected i f  the hydrogen of PF2H is  protonic as 
ind icated e a r l i e r . 7 ’ 2 0  This contrad ictory factor was not addressed 




F ig .  7. Binding energies (eV) of PH3 , PF2H and PF3  as calculated  
by Abasar and Van Wazer.
The f in a l argument to be discussed in th is introduction is that 
which arose from the v ib ra t iona l spectroscopic study of H3 B»PF2H by 
Taylor and Dunning in 1982.58 They again wanted to explain why 
H3 B*PF2H was so much more stable than H3 B*PF3 and H3 B «PH3 . They 
found that the P-B and P-F compliance constants for H3 B*PF2H and 
H3 B*PF3  are v i r t u a l l y  id en t ica l.  These data gave no insight into the 
PF2H question, but they believed that th e ir  P-H compliance constant 
data did. They reported that the phosphorus-hydrogen bond in 
H3 B*PF2H is considerably less compliant than that in free PF2 H.
Using the s im p lif ica t ion  that a less compliant bond is a stronger
bond they believed that th e ir  data were not consistent with that
6+ 6—
expected for a proton in an (H )— (H ) hydrogen bonding
s itua t ion . Because of these data they believed that the
e le c t ro s ta t ic  in te rac tion , which has been discussed completely in
th is  in troduction, is not as important of a factor as previously
thought . 5 8  However, i f  less compliant is understood to mean that the
bond is less free to v ib rate, the ir data actua lly  support the 
6+  6 -
(H )— (H ~) e lec tro s ta t ic  in te rac tion . Because of the staggered 
conformation of H3 B*PF2H the hydrogen on PF2H interacts with not one, 
but with two hydrid ic hydrogens on the BH3  un it. This three centered 
in te rac tion  can be v isua lized as a constraining force on the P-H 
bond, therefore causing the P-H bond in H3 B*PF2H to be less 
compliant. See Fig. 8 . We believe that th is  in te rp re ta tion  is more 
consistent with the ava ilab le  data.
The previous pages have outlined the various arguments and 









PF2H with boranes and other species. Although many studies have been 
discussed, there was s t i l l  no l i te ra tu re  consensus on the reac t iv ity  
of PF2 H. Because the thermal s ta b i l i t y  data did not prove to be an 
unambiguous method for investigating the base strength of PF2H 
complexes (see Fig. 9) we desired a new probe to study the properties 
of PF2H and re lated compounds.
Description of Research Goals 
This research began with a study to compare PF2H with a series 
of re lated compounds in terms of sigma base and pi acid strength.
Two methods were to be employed. The f i r s t  involves ligand 
displacement of various substituted fluorophosphines from the ir  
nickel complexes. The second method involves an infrared study of 
the carbonyl stretching frequencies of phosphine substituted nickel 
carbonyl species. I t  is believed these routes would allow new 
ins igh t into the PF2H question.
This research project also required a number of d i f f ic u l t  
synthetic studies. An improved route to tetracoordinated nickel 
complexes, espec ia lly  N i(PF2 H) 4 , was sought. Preparations for 
phosphorus substituted nickel carbonyl complexes also needed to be 
developed. In p a r t ic u la r ,  those for the previously unreported PF2H
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H3 B*PF2H > h3 b*pf3  > h3 b-ph3 ph3  
Ni(PF3 ) 4  > Ni(PF2 H) 4  > N i(PH3 ) 4
Fig. 9. S ta b i l i t y  data for two known PF3 _XHX complexes.
substitu ted nickel carbonyl complexes were sought. And f in a l ly  a new 
route to the free ligand, PF2 H, was desired. These synthetic studies 




TETRACOORDINATED NICKEL HALO- AND AMINOHALOPHOSPHINE 
COMPLEXES: METHODS OF SYNTHESIS
Background
One of the major goals of th is study was to compare the strength 
of the Ni-P bond in the series Ni(PF3 )4 , Ni(PF2 H) 4  and N i(PH3 )4 . The 
synthesis of compounds of the form NiL4  became important; therefore, 
a more e ffec tive  route to these species was desired.
The classic preparative methods for metal fluorophosphines have 
been reviewed and summarized by Nixon5 9  and by Kruck60. Those with 
specific u t i l i t y  for nickel have been outlined by Jo lly  and W ilke . 6 1  
The synthesis of PF3  complexes of trans it ion  metals is known to be 
s ig n if ic a n t ly  more d i f f i c u l t  than the synthesis of metal 
carbonyls , 1 4 , 5 3  although well-defined processes for the preparation 
of compounds such as Ni(PF3 )4, Fe(PF3 > 5  and Cr(PF3 ) 6  have been 
reported . 5 3 , 6 2 - 6 4  Methods used for the preparation of N i(pF3 ) 4  
include, (1) the f luo r in a t ion  of Ni(PCl3 >4 , 5 3  (2) the reaction of PF3  
with N i(0 0 ) 4 , 6 5  (3) the reaction of PF3  with nickel powder, 6 6 , 6 7  
(4) the cocondensation of PF3  with metal vapor , 6 4  and (5) the 
reaction of PF3  with nickelocene.6  ^ The reactions of PF3  with 
Ni(C0 ) 4  or nickel powder are reported to give y ie lds in the range of 
40-90% but these generally require high temperatures (up to 150°C), 
high pressures (50-350 atm), and reaction times of up to 10
days . 6 5 ” 6 7  Most other procedures using nickel powder and PF3 have 
given very low y ie ld s .H o w e v e r ,  studies in th is laboratory by 
Montemayor show that small scale reactions using H2 S-activated nickel
powder produced up to 62% y ie lds of Ni(PF3 > 4  under more mild
. . 14 
conditions . 1
Unfortunately, coordination complexes of PF2H are even more 
d i f f ic u l t  to prepare than are those of PF3. The s ta b i l i t y  of PF2H is 
dependent on pressure and temperature; i t  is most stable at low 
pressure and temperature . 7
P rio r to th is  work, N i(PF2 H)  ^ was the only fu l ly  characterized 
and iso la tab le  metal complex of PF2 H. The preparation, as reported 
by Stap lin  in th is  laboratory, was tedious and produced only very low 
y ie lds  of the desired complex. 5 2  The compound Ni(PF2 H> 4  is f a i r l y  
stable at room temperature or even at 40°C for a short period of 
time, but a sample held at room temperature for 24 hours and then 
held at 40°C for 8  hours decomposed completely . 5 2  Obviously, 
reactions which demand high temperatures for extended lengths of 
time, such as those used for the preparation of Ni(PF3)4, are not 
useful for the preparation of Ni(PF2 H>4 .
Recently, some Ir-PF2H complexes have been reported by Ebsworth 
and co-workers based on 3 1 P, *H and 19F NMR. 7 0  These were reported 
to be stable only at low temperatures and they were not isolated.
We desired a satisfactory route to tetrakis(halophosphine)nickel 
complexes, especia lly one which would give a superior route to 
Ni(PF2 H)4.
I n i t i a l l y ,  we were interested in the metal atom reaction
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procedure pioneered by Skell and Westcott71, developed by Klabunde7^, 
and used by Timms7 3  and S ta p l in ^  to prepare very small quantities of 
materia ls such as N i(^F2 C1) 4  and Ni(PF2 H)4 . Our experience was that 
these metal atom reactions could not be scaled up to obtain 
reasonable amounts of the desired Droduct. In the case of Ni(PF2 H)4, 
three complete metal atom cocondensation cycles produced only a total 
y ie ld  of 23%, based on the o rig ina l amount of PF2 H used.5^
We were also interested in the use of sulfide activated nickel 
powder, as described by Montemayor, Parry * 4  and others74, as i t  
seemed to suggest a plausib le route to larger quantities of NiL4 
complexes. Montemayor obtained a 62% y ie ld  of Ni(PF3 >4 , but his 
attempts to produce N i( PF2 H) 4  by th is method were unsuccessful. 1 4  In 
the course of th is  study, the increased a c t iv i t y  of H2S activated 
nickel over untreated bulk nickel was confirmed, but a l l  attempts to 
scale up and modify Montemayors method produced only very poor yie lds 
12%) of Ni(PF3 )4 # Attempts to prepare Ni(PF2 C1) 4  by th is method 
fa i led .
Another method of i n i t i a l  in te res t was suggested by the fact 
that treatment of N i(Me2 NPF2 ) 4  with HC1 was reported to give a 70% 
y ie ld  of Ni(PF2 C1)4 * 7 5  In a s im ila r fashion we were interested in 
the p o s s ib i l i t y  of preparing N i(PF2 H) 4  from the reaction of 
N i(PF2 C1) 4  and a reducing agent; however, we were not successful. 
These reactions and the method in general w i l l  be discussed in more 
de ta il in Chapters 3 and 4.
The la s t  method under consideration for th is  study was one based 
on the displacement of 7T-coordinated ligands. In 1961, Wilke and
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Bogdonovic reported the preparation of Dis(n3 - a l ly 1)n ic ke l . 7 6 , 7 7  As 
part of th e ir  characterization procedure they showed that N i ( a l l y l ) 2  
w i l l  react with CO and PEt3  to give N i(CO) 4  and Ni(PEt3 ) 4  as 
products. We decided to use bis(n - a lly l)n ic ke l to evaluate its  
synthetic u t i l i t y  in the preparation of tetracoordinated 
halophosphine complexes in general, and Ni(PF2 H) 4  in pa rt icu la r. 
Effective methods based on an extension of the work of Wilke and 
Bogdonovic have been developed and are presented in the following 
sections.
3
Bis(n - a l ly ! )ni eke 1 Route to Tetracoordinated 
Nickel Phosphine Complexes
General Preparative Route
Bis(n - a l ly l)n ic ke l is  prepared by l i te ra tu re  methods in an 
etheral so lu tion . 7 6 , 7 7  This clear yellow solution begins to 
decompose in less than one half hour on standing at room temperature, 
but i t  appears to be quite stable i f  held at -80°C. Ni ( a l l y l ) 2 can 
be used in the etheral solution or i t  can be isolated from the ether 
by a slow vacuum line  d is t i l la t io n .  Once isolated, the N i ( a l l y l ) 2  
was stored at -196°C p rio r to use.
Vacuum line  manipulation of the pure N i ( a l l y l ) 2 is complicated 
by two factors. F i rs t ,  N i ( a l l y l ) 2 has a very low vapor pressure. A 
dynamic vacuum is required to move the compound on the vacuum line . 
Second, the room temperature decomposition of N i ( a l l y l ) 2  is promoted 
by the use of stopcock grease. Proper design of storage tubes and 
reaction vessels overcame these problems. See Fig. 1 0 .
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F1g. 10. Schematic of storage tube and reaction flask designed for 
use with N 1 ( a l l y l^
A trap- like  feature allows a liq u id  nitrogen dewar to be placed 
around the body of the storage tube or the reaction vessel to allow 
for dynamic vacuum when transfe rr ing  N i ( a l l y l > 2  into the vessel. 
Teflon stopcocks prevent grease promoted decomposition. The design 
of the N i ( a l l y l > 2  reaction vessel also makes accurate measurements of 
the N i ( a l ly l  ) 2 possible, as the system can be removed from the vacuum 
line  and ca re fu lly  weighed before and a fte r condensation of the 
N i(a l l y l ) 2.
In general, the tetracoordinated complexes were prepared by 
allowing the desired phosphorus ligand to react with N i ( a l l y l > 2  for 
short periods of time (15 minutes to 1 1/2 hours) at moderate or low 
temperatures (room temperature or -80°C).
N i ( a l l y l ) 2  + 4L -- > NiL4  + organic byproducts. (14)
Using these moderate conditions, good to excellent y ie lds of the NiL^ 
complexes could be obtained; L = PCI3 , PF3 , Me2 NPF2 » PF2 CI and 
PF2 H. ^ 5 The reactions of Ni ( a l l y l  ) 2  wlth ( f^N ^P F  and PH3  w i l l  
also be discussed.
Preparation of Ni (PC 1 ^)zl
A quan tita t ive  y ie ld  of yellow c rys ta ll in e  N i(PC 1 3 ) 4  
precip itated from the reaction of crude (in situ) N i ( a l l y l ) 2  and a 
s l ig h t  excess of PC13 a t room temperature in about 15 minutes. The
ether and excess PCI 3 were removed under vacuum and the Nit PCI 3 ) 4  was
78 79
rec rys ta l l iz e d  from pentane using reported techniques. ’ The 
formation of N i( PC13 ) 4  was ve r if ie d  by 31P NMR. 8 0
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Preparation of Ni(PF^)A> Ni(PF9 C1)A and NI(Me?NPF?)a
In an ea rly  attempt to prepare Ni(PF3 ) 4  from N i( a l ly 1) 2 and PF3 
in pentane, separation problems were encountered. For the following 
three preparations 1 to 2 mmoles of solvent free N i ( a l ly 1)  ^ and 
excess ligand were mixed at 25°C in the previously described 
removable trap.
Ni(PF^)a. The progress of the reaction of N i ( a l ly ! ) 2 and PF3 
was monitored; the yellow mixture became lig h te r due to the formation 
of the colorless Ni(PF3)4. A 58% y ie ld  of Ni(PF3 ) 4  was isolated from 
the organic byproducts by trap-to-trap d is t i l la t io n ;  however, the 
amount of recovered PF3 indicated that 92% of the o rig ina l PF3 had 
reacted. The separation scheme was not perfected. The iden tity  of 
the product was confirmed by in fra red, 31P NMR and 19F NMR spectra. 
Data reproduced l i te ra tu re  values . 5 2
Ni(PFyCl)a. A mixture of N i(a11y 1 ) 2 and PF2 C1 showed a number 
of very s t r ik in g  color changes on warming from -196 to room 
temperature. The yellow solution turned dark yellow, then bright 
orange, then blood red and f in a l ly  i t  became a mustard yellow 
solution which gradually became l ig h te r  colored with fu rther 
reaction. Based on the amount of N i ( a l l y l ) 2 used, a 69% y ie ld  of 
Ni(PF2 C l ) 4  was iso lated. The o rig ina l PF2 C1 was 79% consumed. A 
s l ig h t  amount of p rec ip ita te  also formed. The 19F NMR values 
reported for Ni(PF2 C l ) 4 6 4  match the values obtained in th is work.
The 31P NMR and in fra red  data were previously unreported. See Fig.
11 and Fig. 12. The 31P NMR spectrum shows the expected t r ip le t  due 
to P-F coupling at 177.6 ppm. 8 1  This s h if t  value is almost identical
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F1 g. 11. 31P NMR spectrum of N1(PF2C1)4.
F1 g. 12. Gas phase IR spectrum of NKPF2 CD 4 .
to that of PF2 C1, 176 ppm. 8 1  The decrease in the Jpp on coordination 
to nickel (PF2 C1, Jpp = 1390 Hz; N i(PF2 C1 )4 , Jpp = 1280 Hz), however, 
is d e f in i t iv e  for the formation of a fluorophosphine metal 
complex. 5 5 , 5 9 , 8 2  The infrared data for Ni(PF2 C l ) 4  are also s im ila r 
to those of PF2 C1; see Table 8 . Assignments for the infrared 
spectrum of Ni(PF2 Cl)^ were proposed from those reported for 
PF2 C1. 8 1 , 8 3  An in te res ting  observation was made on N i(PF2 C1)4 ; the 
clear l iq u id  appears to super cool in liq u id  nitrogen. Ni(PF2 C l ) 4  is 
a c lear, s l ig h t ly  v o la t i le  l iq u id  (approximately 1 to rr vapor 
pressure a t 25°C). I t  begins to yellow on standing for one half hour 
at room temperature.
Ni (Me?NPFy) The reaction of Me2 NPF2 and Ni ( a l ly l  ) 2 is s im ila r 
to that described for PF2 C1, only the color changes on warming are 
not as v iv id .  As soon as the solvent free N i ( a l l y l ) 2  was dissolved 
in the excess Me2 NPF2  the white c rys ta l l in e  product began to form. 
Ni(Me2 NPF2 ) 4  is  only s l ig h t ly  soluble in Me2 NPF2. Rec rys ta ll iza tion  
from pentane produced a quan tita t ive  y ie ld  of the desired 
Ni(Me2 NPF2 ) 4  as ve r if ie d  by the melting point and by the 19F NMR 
spectral values . 5 5 , 8 4  This s implif ied high y ie ld  route to 
Ni(Me2 NPF2 ) 4  is s ig n if ic an t ly  better than those previously 
reported.57*84,85 Kruck reported that almost quantita tive yie lds of
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Ni(Me2 NPF2 ) 4  were obtained from the aminolyses of N i(PF3 )4 ; ' J
however, our method has a d is t in c t  advantage in that Ni(PF3 ) 4  is not
a necessary precursor. Now that th is  route to Ni(Me2 NPF2 ) 4  is






Comparison of Infrared Data for PF2 C1 and N i(PF2 C1)4.
Ni(PF2 C l ) 4 pf2 c i 8 1 Assi gnment
885 s,sh 864 s,sh vs(PF)
860 s 852 s «as(C1 PF2 )
790 w
610 w
545 s 545 s v(PCl)
445 mw 411 m 6 ( FPF)
308 6C(C1PF? )
Dry c rys ta ls  of Ni(Me2 NPF2 ) 4  are very stable at room 
temperature; a sample stored under nitrogen yellowed only s l ig h t ly  
a f te r  one year. Ni(Me2 NPF2 ) 4  is very nonvolatile . A room 
temperature sample did not sublime into a -196° trap.
The 3 P^ NMR data for Ni(Me2 NPF2 ) 4  were previously
unreported . 5 5  The compound is only very s l ig h t ly  soluble in pentane,
CH2 C12  and THF; numerous transients are required to obtain a 31P NMR 
• ^  1
sh if t .  The P NMR spectrum shows the expected t r ip le t  resu lt ing 
from PF coupling. See Fig. 13. The broad 31P peaks make i t  
d i f f ic u l t  to obtain an accurate PF coupling constant; a more accurate 
Jpp is obtained from the 19F NMR spectrum.
I t  1s in te res ting  to note that the 19F NMR spectrum of 
N i(Me2 ^PF2 ) 4  is  simpler than those generally seen for many of these 
NiL4  complexes. 5 5 , 8 2  The spectrum shows a doublet due to 1 JpF 
coupling. Both members of the doublet are fu rther s p l i t  into a 
quartet pattern which can be a ttr ibu ted  to spin-coupling of the 
f luo rine  w ith the three equivalent fu rthe r removed phosphorus 
atoms. The tetracoordinated nickel complexes of CF3 PF2  and (CF3 ) 2  
also show th is  type of s p l i t t in g  patte rn , 8 2  but most of these related 
NH 4  complexes such as Ni (E<t 2 NPF2 ) 4 > Ni (C5 H2 qNPF2 )4 » Ni(PF3 )4, 
NKPF2 CD 4  and Ni (PF2 H) 4  show much more complicated second order 
spectra b 52,55,64,82
Preparation of Ni(PF^H)^
The successful syntheses of Ni (PC 1 3 )4 , ^ ^ 3 )4 , Ni (PF2 C1 ) 4 and 
Ni(Me2NPF2 )4 using b i s (n3- a l l y l )nickel as a precursor suggested that 
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Fig. 13. 31P and 19F NMR spectra of N1(Me2 NPF2)4.
N i C PF 2 ^ ) 4  was f in a l l y  in hand.
A te s t reaction of N i(a l ly !  ) 2 and PF2H ve r if ied  that Ni(PF2 H) 4  
could be formed using th is  procedure. The IR, 19FNMR and 31PNMR 
spectra produced matched those described by Staplin and Parry . 5 2  A 
room temperature reaction produced a very low y ie ld . We have found 
that the y ie ld  can be increased to 49%, as measured 
spectroscopically, when the reaction is run at -80° C. Even though 
PF2H is quite stable when pure at 25°C, i t  tends to decompose much 
more read ily  in the presence of other species. I t  is best handled at 
very low temperatures.
The reaction of N i ( a l l y l ) 2  and PF2H was monitored by low
Q 1
temperature oxP NMR. Evidence of reaction began almost immediately 
on warming from -196°C to -80°C in the NMR probe. The in i t i a l  
spectrum obtained showed N i(PF2 H) unreacted PF2H and an 
un iden tif ied  side product as shown in Fig. 14. As the reaction 
progressed the PF2H peaks disappeared completely and the Ni(PF2 H) 4  
peaks grew in more as shown by the proton decoupled spectrum in Fig. 
15. During the f i r s t  hour of reaction at -80°, other extremely 
complicated sets of phosphorus signals grew into the spectrum upfield 
from the Ni(PF2 H)4. Reference NMR values for PF3 H2 8 6 ” 8 8  (a known by 
product of PF2H reactions ) 8 9  8 6 - 8 8  9 , 2 6 , 8 9  P2H491
and H2 PPF2 8 9 , 9 2  were compared with those for the side products but no 
match was found. Low temperature 19F and spectra were also 
obtained, but firm  conclusions as to the iden t ity  of the side 
products have not been reached.
I t  is  s ign if ic an t to note that th is  method of preparation for
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P F 2 H  ( <f=224ppm)
F1g. 14. In i t ia l  spectrum produced In the reaction of N1 ( a l l y l ) 2  
and PF2 H.
Ni(PF2H)4
ppm 1-------- 1— I-------- 1-------- h240 220 200 180
Fig. 15. 31P NMR spectra of N1 (PF2 H) 4  a t -80*C. A side product 
from the N I ( a l ly l ) 2  and PF2H reaction Is also present.
c_n
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Ni(PF2 H) 4  represents greater than a two-fold increase in y ie ld  
compared with the previously reported metal atom method. 5 2
Attempted Preparation of Ni [(Me^N^PFj^
A test reaction was run to see i f  the previously unreported 
complex Ni[(Me2 N)2 PF] 4  could be prepared by the bis(n - a l l y l )ni ckel 
method. Yellow green c rys ta ls  were obtained, although a brown o i ly  
decomposition product also formed. NMR spectra of the yellow green 
crysta ls were obtained in THF. The 31P NMR shows a broad f i r s t  order 
doublet due to P-F coupling 6 = 177 ppm, Jpp = 980 Hz. The 19F NMR 
spectrum shows a poorly resolved broad doublet 6 = -55.9 ppm. See 
Fig. 16. A low in tens ity  peak at 6 = -82.5 ppm with a Jpp of 950 Hz 
is also seen in the 19F NMR spectrum. This most l ik e ly  is the 
oxidized ligand, (Me2 N) 2 P0F. A s im ila r doublet was obtained by 
Nixon, Murry and Schmutzler when they prepared
(C0 ) 2 Ni[(Me2 N)2 PF]2 . 9 3  Wh^ n compared with those for s im ila r species, 
the chemical s h if t  and coupling constant values obtained suggest that 
the yellow-green product is Ni[(Me2 ^)2 ^^]4 • The data shown in Table 
9 compare NMR values for Me2 NPF2 > (Me2 N)2 PF, Ni (Me2 ^PF2 ) 4  ancl 
"Ni[(Me2 N)2 PF]4." Notice that the 31P chemical s h if t  increases by 26 
ppm in both cases upon coordination. The F sh if t  also increases, 
while the Jpp values decrease. These changes are character!stic tor
metal f 1 uorophosphines, and can be used as a diagnostic test tor
. 55 59 82 
complex formation.
A comparison of NMR values for L, Ni (C0 )2 ^ - 2 ^nd NiL^ when L - 
pfr3» Mc2 NPF2, (Me2 N)2 PF and ( I^ N ^ P  is useful. See Table 10.
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Fig. 16. 3*P and ^F  NMR spectra for the product from the 




Comparison of NMR Data for L and NiL4 ; 
L = Me2 NPF2, (Me2 N)2 PF.
Compound ^ P  ppm ^ F  ppm ^Jpp Hz
Me2 NPF2  143 1  - 65.3 / 1200
\ A26 >A26.4 >A75
Ni(Me2 NPF2 ) 4  169 J  - 38.9J 1125
(MeoNUPF 151 1  -100. 0 1  1040
I A26 > A40 } A60
"Ni[(Me2 N)2 PF]4" 177 J -55.9 J  980
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Table 10
NMR Data for t,N i(C0 ) 2 L2 and NiL4; 
L = PF3, Me2 NPF2  and (Me2 N)2 PF.
Chemical Sh ifts 
31p 19 F
PF3  97 - 34
Me2 NPF2  143 - 65.3
(Me2 N)2PF 151 -100
(Me2 N)3P 122 X
N i(CO) 2 (PF3 ) 2  138 - 18.9
N i(CO) 2 (^6 2 NPF2 ) 2  168.5 — 43.3

















in the (Me2 N)3P case. Supporting evidence for the formation of 
N i[(Me2 N) ] 4  is obtained by comparison of the N i(CO)2 L2  and Ni 
31P NMR data. The 31P NMR sh if t  changes very l i t t l e  for a pa rt icu la r 
L. The fact that our value for N i[(Me2 N)2 PF] 4  of 177 ppm is close to 
that obtained by Reddy and Schmutzler for Ni (C0)2 [(Me2 N)2 PF]2, 181 
ppm, 5 5  is consistent with our expectations.
A melting point determination was attempted on a small sample of 
the yellow green c rys ta ls . At about 200°C a s lig h t bubbling was 
noticed, but no melting occurred. As the sample was further heated 
to 245°C, decomposition was observed as the sample turned brown. No 
melting point was obtained.
A l l attempts to obtain mass spectral evidence for N i[(Me2 N)2 PF] 4  
fa iled . Electron impact mass spectral scans were run at temperatures 
between 20°-300°C at 20 and 70 eV. No peaks for Ni[(Me2 N)2 PF] 4  or 
(Me2 N)2PF were seen. The major peaks in the spectrum up to 150°C 
were those at m/z = 110, 54, 42 and 45. A peak at m/z = 94 was 
reasonably intense and could be due to (Me2 N)PF+. At higher 
temperatures the most intense peak was that at m/z = 45 which is 
a ttr ibu ted  to Me2 NH. Methane chemical ionization mass spectroscopic 
techniques produced s im ila r resu lts . No evidence for Ni[(Me2 N)2 F] 4  
was obtained. The most intense peaks were those at m/z = 155, 110, 
135 and 153. These data suggest that Ni[(Me2 N)2 PF] 4  is not vo la t i le  
enough tor low temperature mass spectral observation, and that upon 
heating decomposition occurs to give Me2 NH, (Me2 N)PF and other 
v o la t i le  fragments. A complex Ni-P-F polymer is le f t  behind. The 
major decomposition product of the related species (Me2 N)2PH is Me2NH
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(see Chapter IV) so th is  would not be an unreasonable assumption.
Due to the extremely small amount of product formed in th is 
reaction, the product was not fu rthe r characterized. 31P and NMR 
data suggest that N i[(Me2 N)2 ^ F w a s  formed in a low y ie ld .
Attempted Preparation of Ni (PH^)/!
N i(PH3 ) 4  was f i r s t  prepared in 1972 by Trebels i, C ou te r l l ie r and 
Bigorne, from the reaction of 1,5-cyclooctadienenickel and a 40-fold 
excess of PH3  a t -40°C.54
Ni (1,5-CgH 12) 2 + ph3 ■^>°C Ni(PH3)4. (15)
The product, which was characterized by low-temperature Raman and IR
spectroscopy , 5 4 , ^ 4 ~ ^ 6  decomposed immediately above -30°C,54
confirming early be lie fs  that the elusive compound was extremely
unstable . 6 4  In 1973, Schunn reported the low temperature iso lation
of Ni(PH3 ) ^ . ^ 7 The product was characterized by the method of
preparation and the *H NMR and the 3 *P{*H} NMR spectra.
( 6  = 1.3 ppm vs. the methyl group in toluene-do,
XH
<5 = -156.1 ppm vs. H.POJ. Ni(PHo) 4  has also been prepared by
{ H) P 3  QS •
u t i l i z in g  metal atom co-condensation techniques. 9 N i(PH3 ) 4
prepared by the co-condensation route was stab ilized by low
temperature matrices and studied by infrared spectroscopy.
We studied the progress of the 1:4 reaction of N i ( a l l y l ) 2  and
PH3 in CH2 C12  a t -80° using 31P NMR as a probe. Results indicate
that approximately 50% of the PH3 reacts to form a nickel coordinated
PH3  complex, the rest remains as excess PH3 . The P-H quartet at -148
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ppm, with a Jpj _ j   ^ 290 Hz is evidence for complex formation. When 
compared with PH3  ( 6  = -238 ppm, JpH = 180 Hz) a downfield sh if t  and 
an increased P-H coupling constant indicate that coordination of the 
PH3  moiety to nickel has occurred. The fact that only approximately 
half of the PH3  reacted, and that the chemical s h if t  value obtained 
is not that reported by Schunn for N i( PH3 ) 4  suggests that possibly a 
mixed a l l y l  PH3 complex has been prepared at -80°C. Mixed complexes 
of th is  type have been reported for CO and PEt3 . 9 8 , 9 9  On warming 
from -50°C to -25°C the PH3  and "Ni-PH3 " peaks begin to broaden, then 
collapse and f in a l ly  they coalesce. This is indicative of an 
exchange between the free and coordinated PH3 ; when the sample was 
cooled again to -80°C the ind iv idual PH3 and "Ni-PH3 " peaks 
reappeared in approximately equal in tens ity . See Fig. 17.
Exchange Reactions Involving 
Ni La Species
Reaction of N i(CO)A and PF^
The reaction between a 1:4 ra t io  of Ni(CO)^ and PF3 was 
monitored by variab le temerature 19F NMR spectroscopy. Reaction 
occurred slowly at -80°C to form (CO^Ni ( ^ 3 ) 2 .
N i(CO) 4  + 2 PF3  -- > (C0)2 Ni(PF3 ) 2  + 2C0. (16)
The reaction proceeded cleanly on warming. After 3 V2 days at -17°C 
31P NMR showed that 13% of the PF3  remained unreacted, and an 87% 
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31P NMR spectra for the product from the N1 (al ly l  ) 2  ancl
PH3 reaction at -80°C.
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by e ith e r  *9F or 81P NMR spectroscopy.
Reaction ot Ni(PF^)d and CO
The reaction between a 1:4 ra t io  ot Ni(PF3 ) 4 and CO was also 
monitored by variab le temperature 19F NMR spectroscopy. A l l reaction 
conditions were identica l to those used in the previously described 
reaction between N i(CO) 4  and PF3. No reaction was observed afte r 24 
hours at -80°C. A fte r 5 hours at -45°C some (C0)3 Ni(PF3) was formed 
and a small amount of (CO) 2 Ni(PF3 ) 2 was evidenced by a s lig h t 
shoulder, but Ni(PF3 ) 4  was s t i l l  the major phosphorus containing 
species,
Ni(PF3 ) 4  + 3C0 -- » (C0)3 Ni(PF3) + 3PF3# (17)
On fu rthe r warming the amount of (C0)3 Ni(PF3) decreased. On
recooling to -80°C, there was evidence for a temperature related
equ ilib rium  in that the ra t io  between Ni(PF3 ) 4  and (C0)3 Ni(PF3) was 
approximately 1 : 1 .
Reaction of N i (PF^A and PF?H
The reaction of Ni(PF3 ) 4  and PF2H was monitored by variable 
temperature 31P NMR spectroscopy. As the sample warmed from -80°C to 
-30°C, no reaction was observed. PF2H and Ni(PF3 ) 4  were the only 
containing species. On fu rthe r warming to ambient temperature, the 
sample discolored and p rec ip ita te  formed concurrent with the decrease 




Reaction of Ni(PF?H)/i and PF^
The reaction of Ni (PF2 H) 4  and PF3 at -80°C for 2 hours produced 
a small amount of N i( PF3 ) 4  as evidenced by 31P NMR spectroscopy.
Other un iden tif ied  side products were also present in good yie lds. 
These may be due in part to decomposition products of PF2 H.
Ni (PF^H)^ + PF3 -- > Ni ( PF3 ) 4  + Slcle Products. (19)
On warming to -23°C the amount of Ni(PF3 ) 4  increased very s l ig h t ly  as
o 1
observed by oxP NMR, but no real change occurred.
Pi scussion
The resu lts  presented in this chapter c learly  show the u t i l i t y  
of b is ( n ° - a l ly l )n ickel as a precursor to tetracoordinated nickel 
halo- and aminohalophosphine complexes. N i(PC 13 )4 , Ni(PF3)4,
N i(PF2 C1)4 , Ni(Me2 NPF2 ) 4  and N i(PF2 H) 4  were a l l  prepared in y ie lds 
that equaled or exceeded those previously obtained and yet the 
preparations required only moderate temperatures, pressures and 
reaction times. The use of th is  method was demonstrated most c learly 
for the preparation of Ni(PF2 H)4. The percent y ie ld  increased more 
than two-fold, and the Ni (a 1 l y l ) 2 method is judged to be more 
convenient than the previously reported metal atom co-condensation 
route. For a l l  of the preparations, the pure NiL4  complexes can be 
iso lated from the organic byproducts by vacuum line d is t i l la t io n  or
by re c ry s ta l l iz a t io n .
The synthesis of N i[(Me2 N ) H 4  was attempted. Our 31P and 19F 
NMR data strongly suggest that N1[(Me2 N)2 PF] 4  was formed although the 
compound was never isolated in pure form.
An attempt to prepare the extremely sensitive N i(PH3 ) 4 complex 
via N i(a l ly !  ) 2  did not reproduce l i te ra tu re  values, although our data 
do show that a nickel coordinated PH3 complex was formed; we believe 
th is  was probably a mixed a l ly !  phosphine complex such as 
( a l l y 1)N i(PH3)2.
The resu lts  from the exchange reactions of N i(CO) 4  with PF3 and 
Ni(PFs ) 4  with CO provide some in te resting information. PF3 reacts on 
warming to -17°C to produce (C0)2Ni (PF3 )2- The PF3  replaces 2 CO 
un its . On the other hand, CO reacts only slowly with Ni(PF3)4, but 
the major product is (CO)3 Ni(PF3 ) . The CO replaces three PF3 
un its . This reaction is apparently much slower, but when favored by 
low temperatures a more complete substitution occurs. I t  appears 
that ligand exchange reactions of th is type may not be the best probe 
in to the pi-acid/sigma base strength of these ligands towards 
n icke l. There are many factors which must be considered, such as 
s o lu b i l i t ie s  of the various components, v o la t i l i t ie s  of the 
components, and effects of time and temperature on the reactions.
The information obtained is not unambiguous.
The resu lts  from the reactions of Ni(PF3 ) 4  with PF2H and 
Ni (PF2 H) 4  w ith PF3  suggest that PF3  w i l l  displace some PF2 H, but that 
PF2H w i l l  not displace PF3  under s im ila r conditions. At best though, 
these displacement reactions produced only tentative resu lts . Side
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reactions in te r fe re ,  making an equilib rium  statement regarding the pi 
acid/sigma base strengths of PF3 and PF2H impossible. However, these 
resu lts  suggest that PF2H does not form an anomalously strong bond to 
nickel l ik e  i t  does to BH3 . More de f in it ive  work in th is area is 
described in Chapter I I I .
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d i f f i c u l t  and tedious.65>101
In contrast, a number of (C0)2 NiL2  species have been isolated 
and characterized, Including (CO) 2 Ni(Me2 NPF2 ) 2  and 
(C0)2 N1[(Me2N)2PF]2* 5 5 , 8 4 , 1 0 2  They can be p re fe ren t ia l ly  prepared by 
con tro ll ing  the ra t io  of the reactants and the reaction conditions 
used in the N I(CO) 4  ligand exchange reaction . 5 5 , 8 4 , 1 0 2
N1(CO) 4  + 2 L --- > (C0)2 NiL2  + 2C0 . (23)
These reactions are reportedly run at 25°C-50°C tor periods of 20-50
hours. * Again, the extended period of time that the sample is
held at > 25°C makes th is  type of reaction unfeasible for use with
the more sensitive ligand PF2 H. Recently, a unique low temperature
route to these d isubstitu ted species has been reported which u t i l iz e s
the reactive B-H-M bonds in the bidentate species,
(CO)2 Ni(B 2 H4 •2PMe3 ) . 1 0 3  The borane ligand is eas ily  displaced by
PF3 , P(C5 H5 ) 3  or PH3  at low temperatures.
PMe0 
I 3
0*CX  .H-B-H CHpCl«
.N i | + 2L — 4  (C0),NiL7 + B,H,-2PMe,. (24)
0sC H-B-H  ^ Z L 4  J
PMe3
The work described in th is  chapter presents a procedure for the 
d irec t quan t ita t ive  preparation of (C0)3NiL species (L = Me2 NPF2, 
(Me2 N)2PF and CH3 NCH2 CH2 (CH3 )NPF). Synthetic routes to two new PF2H 
complexes, (CO)3 N i(PF2 H) and (C0)2 Ni(PF2 H) 2 are also presented. The 
characterizations of these compounds are described.
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The preparation and characterization of (CO) 3 N i(PF2 H) and 
(CO) 2 N i(PF2 H) 2  were a very important part of th is  work. P rio r to 
th is  study, N i(PF2 ^ ) 4  was the on^y wel1 -characterized, isolatab le 
metal complex of PF2 H. 5 2 , 1 0 4  PF2H complexes are more d i f f ic u l t  to 
prepare than most other analogous phosphine metal complexes, 1 4 , 5 2 * 1 0 5  
because of the high re a c t iv i ty  of PF2H i t s e l f .
We were in terested in synthesizing N i(CO) 3 (PF2 H) and 
Ni(C0)2 (PF2 H) 2  to obtain more d e f in it iv e  information concerning the 
electron donor-acceptor properties of PF2 H. Carbonyl infrared 
stretching frequencies are generally free from coupling with other 
modes and they usually are not obscured by the presence of other 
v ib ra tions, so they provide a useful probe into bonding 
considerations. Tolman1 0 6  and others 1 0 2 , 1 0 7 , 1 0 8  have previously used 
carbonyl in fra red data to successfully determine re la t ive  electron 
donor-acceptor properties of phosphorus ligands bound to metal 
carbonyls. We have compared the infrared data for N i(0 0 ) 3 1  and 
N i(CO)2 L2  complexes where L = PF3 , PF2 H, and PH3  in order to compare 




(CO) 3 NiL complexes (L = Me2 NPF2, (Me2 N)2 PF, CH3 NCH2 CH2 (CH3 )NPF 
and PF2 H) can now be d ire c t ly  prepared by a controlled substitution 
of L for CO in N i(CO)4 .
CH Cl
excess Ni (C0) 4  + L (CO)3 NiL + CO. (25)
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Trig reaction stoi chiometry and the reaction temperature are 
important considerations. At least a two-fold excess of Ni(CO) 4 must 
be used to prevent the formation of (C0)2 NiL2, (CO)N iL3  and Nil_4.
The appropriate low reaction temperature also increased the y ie ld  of 
the desired monosubstituted product.
Preparation of (CO)?NiL(L=Me0 NPF2 ,(Me2 N)2PF 
and CH^ NCH9 CH?(CHt)NPF)
(CO) 3 Ni(Me2 NPF2), (C0)3 Ni[(Me2 N)2 PF] and 
(CO)3 N1[CH2 NCH2 CH2 (CH3 )NPF] were a l l  eas ily  and quan tita t ive ly  
prepared from the reaction of excess N i(CO) 4  and the desired 
fluorophosphine ligand. The reaction time was 2-3 hours at -30°. 
Substituted nickel carbonyl complexes have shown the tendency to 
disproportionate as described by reactions (26) and (27 ).55,65,84,93
2(CO)3NiL I  Ni(C0 ) 4  + (C0)2 NiL2  (26)
2(C0)2 N1L2  I  (CO)3NiL + (C0)NiL3. (27)
We have found that at 0°C or room temperature these 
disproportionation reactions in te rfe re  with the preparation of 
(CO)3 NiL when L = Me2 NPF2, (Me2 N)2 PF, or CH3 NCH2 CH2 (CH3 )NPF.
However, when the reaction temperature is reduced to -30°C> side 
reactions of th is  type can be prevented and the pure monosubstituted
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products can be obtained.
The monosubstituted product, (CO)3 NiL, can be used in s itu or i t  
can be isolated by trap-to-trap d is t i l la t io n  as described in the
experimental section. These (CO^NiL species can be used as 
precursors for new nickel coordinated P-H compounds as described in 
Chapter IV.
Characteri zation of (CO) ^NiKl^MeoNPFp, (MegN) qPF 
and CH^NCH?CH9 (CHt)N?>F
Mass spectral data. Mass spectral data were obtained for 
(C0)3 Ni[(Me2 N)2 PF] and (CO) 3 N i[CH3 NCH2 CH2 (CH3 )NPF]. The results are 
shown in Table 11. The presence of the parent ions and the 
fragmentation patterns leave no doubt as to the iden tity  of the 
species. The peaks of greatest in tens ity  were those resu lting from 
the breakdown of the respective fluorophosphine ligand. For both of 
these compounds the mass spectra were obtained at 70 and 20 eV. The 
h igh- intensity peaks are s im ila r for both voltages. The expected 
isotopic pattern due to the five  isotopes of nickel is seen for each 
species. Only the most intense peak in each isotopic group is l is ted  
in Table 11.
NMR data. 31P and 19F NMR data were obtained for the three 
(CO)3NiL compounds. See Fig. 18. The chemical sh ifts  and coupling 
constants for the free ligands and for the monosubstituted nickel
I Q
carbonyl complexes are l is ted  in Table 12. The F NMR data tor 
(C0)3 Ni(Me2 NPF2) had been previously reported 1 0 0  (5 =  -44.8 ppm, JPF 
= 1157 Hz). The published values compare well with those obtained in 
th is  study. The other values for the (CO) 3 NiL complexes were 
previously unreported. The 31P NMR data show a downfield sh if t  of 
24-26 ppm on coordination of the fluorophosphine ligand. This 
deshielding of the coordinated phosphorus nucleus is expected as the
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T a b l e  11
Mass Spectral Data for (CO) 3 NiL Species.
Sample m/z Fragment Relative 
Intensi ty
(C0)3 Ni[[(CH3 ) 2 N]2 PF] 
70 eV
280 (CO)3 N1 [[(CH3 ) 2 N]2PF ] 0.4
252 (CO) 2 Ni[[(CH3 ) 2 N]2 PF]+ 2
224 (CO)Ni [[(CH3 ) 2 N] PF]+ 
Ni [C (CH3) 2 N]pPF ]




119 [(ch3 ) 2 n] p+
(CH-)2 NPF^  
N-P
2 1
94 1 0 0
45 16
44 (ch3 ) 2 n+ 70
43 (CH 3 ) 2 N+-H 41
42 (CH3 ) 2 N+-2H 93
(CO),Ni[CH,NCH0 CH0 (CH,)NPF]
(CO)^Ni[CH^NCH?CH?(CH^
■ \ +•O O L L 0
278 ) NPF] 0.7
70 eV
250 (CO) Ni[CH3 NCH2 CH2 (CH3 )Nf>F] + 7
2 2 2 (CO)Ni[CH?NCH2 CH2 (CH3 )NPF] 12
194 Ni[CH3 NCH2 CH2 (CH3 )NPF]
+
0.9
136 ch^nch?ch?(ch3 )n(>f+ 44
117 ch3 nch2 ch2 (ch3 )np+ 1 0 0




57 C-N-P+ 1 2
42 (CH 3 ) 2 N+-2H 29
(Reprinted by permission from Inorq. Chem. 1985, _2£, 1460. Copyright 











-30  -4 0  -5 0  -6 0
(CO)3Ni(ME2NPF2)
Jpp — —1160 Hz
,9f
. .  1 1V- ai_  rf—/V
-\--- 1— I— I--- 1----h
PPm 2 0 0  180 160
3 Ip
H------h
ppm -6 0  -70 -80
(CO)3Ni[(Me2N)2PF]
Jpp = —1056 Hz
%
l j
PPm 160 160 140 ppm -2 0  -3 0  -  40
(C O K N if  MeNCH2C H 2 (Me)2N PF] J pf= - I I 2 5 H z
Fig. 18. 31P and 19F NMR spectra for (CO)3 N1L species. \ l
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Table 12
31P and 19F NMR Values for L and (CO)3NiL Species.
31P NMR Data L
(CO) 3NiL
Chemi cal 







I^NPF 2 143 J pF=—1197 169 Jpp=- 1160
(Me2N)2 pf 151 J pp=- 1046 178 J pp=-1060









S h if t  (ppm)
Coupling 
Const.(Hz!
Me2NPF2 -65.3 Jpp=-1197 -44.3 J p p=- 1160
(Me2N)2PF -100.6 Jpp=-1046 -68.9 J pp=- 1068
ch3nch2ch2n(ch3)pf -63.2 Jpp=—1055 -31.5 Jpp=-1025
(Reprinted by permission from Inorg. Chem. 1 9 8 5 ,  24, 1460. Copyright 
by the American Chemical Soc ie ty .)
phosphorus "lone pair" is  now involved in a P-Ni bond and the 
electron density on the phosphorus center is decreased. The 19F NMR 
data also re f le c t  th is  deshielding. I t  is in te resting to note that 
the P-F coupling constants changed only s l ig h t ly  on coordination of 
one fluorophosphine to the nickel carbonyl center.
Preparation of (CQ)^Ni(PF9 H)
The reaction of excess N i(CO) 4  and PF2H produced the new nickel 
complex, (CO) 3 Ni(PF2 H), in an 8 6 % y ie ld . No reaction was observed at 
-80°C, but the reaction progressed smoothly at -60° and -45°C. Low 
temperature NMR spectra ve r if ie d  that the PF2H was v i r tu a l ly  a l l  
consumed. Some (CO) 2 Ni(PF2 H)2, -12%, was also produced.
(CO^Ni (PF2 H) is  s l ig h t ly  more v o la t i le  than (CO)2Ni (PF2 H) 2 or CH2 C12  
and so can be tediously isolated by trap-to-trap d is t i l la t io n .
Characterization of (CO)^Ni(PF?H)
81P NMR data. The undecoupled 81P NMR spectrum shown in Fig. 19 
exh ib its  a t r ip le t  of doublets at 219.6 ppm with Jpp = -1090 Hz and 
JPH = 350 Hz. This feature is  evidence that the PF2H moiety remains 
in tac t. The changes in the P-F and P-H coupling constants from PF2H 
( j pjr = - 1 1 4 3  Hz, JPH = 182 Hz) are consistent with the formation of a 
nickel coordinated phosphine species.52,55,59,82 The s im p lic ity  of 
the spectra is  evidence in support of a monosubstituted nickel
carbonyl complex.
19F NMR spectra. The 19F NMR spectrum of (CO)3N i(PF2H) is a
clean doublet of doublets a ris ing  from P-F and F-H coupling at -83.2 





Fig. 19. 31P NMR spectra of (C0)3 N1(PF2 H).
20. The data are a l l  in agreement with that expected for 
(CO)3 N i(PF2 H).
In fra red  data. The gas phase IR of (CO) 3 N i(PF2 H), see Fig. 21 
and Table 13, shows clean v(C0) absorbances at 2110 cm- 1  and 
2058 cm- 1  which can be assigned as the v(C0) and E bands. The 
solution phase IR exh ib its  v(C0) absorbances at 2099 cm' 1 and 2064 
cm-1. The in fra red  solvent in te rac tion s h if t  is expected; in most 
cases the v(C0) bands are at a s l ig h t ly  higher frequency (4-8 cm-1) 
for gaseous samples than they are for the same compound in 
so lu tion . 1 ^ 9  The v(C0) band spectral data of substituted metal 
carbonyl complexes can be used as a probe for investigating the 
bonding in te rac tions between the ligands and the metal center. This 
is  examined in more de ta il in the discussion section.
P isubstituted Nickel 
Carbonyl Complexes 
Preparation of (C0)?Ni(PF?H) 9
The 1:2 reaction of (C0)2 Ni(B2 H4 *2PMe3) and PF2H in CH2 C12  
produces a quan tita t ive  y ie ld  of (C0)2 Ni(PF2 H) 2 a fte r 0.5 hour 
reaction at e ith e r -100 or -80°C. The clean reaction is evident from 
the NMR data. (CO) 2 Ni(PF2 H) 2  can be isolated with d i f f ic u l t y  from 
the CH2 C1  ^ solvent by trap to trap d is t i l la t io n .  The vapor pressure 
of (CO) 2 N i(PF2 H) 2 is apparently very close to that of CH2 C12.
Characterization of (C0)9 Ni(PF9 H) 9
Mass spectral data. Electron impact mass spectral data were 






JpH = 50 Hz
$  -  - 8 3  ppm vs CFCI3
. 20. 19F NMR spectrum of (CO)3 Ni(PF2 H).
F1 g. 21. Gas phase Infrared spectrinn of (CO) 3 NI (PF2 H).
Table 13
Gas Phase In frared  Data for PF2H and
the Nickel Complexes of PF2 H, cm- 1
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s ign if ic an t fragments are l is ted  in Table 14. The expected isotopic 
pattern due to the f ive  isotopes of nickel is seen; only the most 
intense peak in each isotopic group is l is ted . The data are 
consistent with the formation of (C0)2Ni (Pf^H^. A s ligh t amount of 
(CO) 3 Ni (P F ) and (CO)Ni(PF2 H) 3  impurit ies appear in the 70 eV 
spectrum. These impurit ies are not the resu lt of mass spectroscopic 
analysis. Electron Impact M.S. is done under low pressure (10’  ^
to rr)  which precludes the occurrence of disproportionation. Only 
unimolecular decomposition occurs under these conditions. Since the 
mono- and tr i- subs titu ted  moieties did not appear by the sensitive 
19F NMR spectra taken before iso la t ion  attempts, i t  appears that 
these nickel PF2 H complexes are quite susceptible to 
d isproportionation upon handling.
31P NMR data. As can be seen in Fig. 22 the undecoupled 31P NMR 
spectrum exh ib its  the gross f i r s t  order t r ip le t  of doublets expected 
for a PF2 H complex at 220.3 ppm. The complexity of the spectrum is 
evidence for second order in teractions common for (CO) 4 ^nNiLn species 
when n = 2, 3 or 4 #52 ,55,64,82,110 yhe pea|( shapes and coupling
constants, when compared with those for (C0 ) 3 Ni(PF2 H), leave no doubt 
that the d isubstitu ted complex has been formed. Fig. 23 shows the 
resu lts  of proton and f luo rine  decoupling experiments. The data 
obtained from these spectra and from the 19F spectrum described in 
the fo llow ing section made i t  possible to obtain the various coupling 
constant values for th is  system. They are assigned as follows;
= -1095 Hz, 3 Jpp = 42.5 Hz, XJpH = 371.1 Hz, 3 JpH = 16.4 















Mass Spectral Data for Ni (CO)2 2 .
T a b l e  14
Fragment Relative In tensities
70 eV 17 eV
*Ni(C0)(PF2 H)3+* 0 . 2 0
Ni(PF2 H)3+ 0.9 0
*Ni(C0)2 (PF2 H)2+* 1 9
Ni(C0)(PF2 H)2+ 6 37
*n i(co) 3 (pf2 h)+# 6 23
Ni(PF2 H)2+ 6 19
Ni(C0)2 (PF2 H)+ 24 6 8
Ni(C0)(PF2 H)+ 17 52
N i(CO)3+ 47 8 6
Ni(PF2 H)+ 40 29
N i(CO) 2 + 45 1 0 0
Ni(C0)+ 1 0 0 59
Ni + 8 8 9
co
*Z(HZJdHN2(00)
iO uinjiDdds awN die  '22 ' 6 U
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ppm —^ 0 ~80 —90 - 1 0 0
F1g. 25. *^F NMR spectrum of (CO)2N i ( PF2H) 2.
00
F 1 g . 26. Gas phase In frared  spectrim of ( CO>2^1(PF2 H)2 «
SO
cm 1 4000 3000 2000 1600 1200 800
F1g. 26. Gas phase Infrared spectrun of (C0)2N1(PF2H)2.
00
Fig. 26. Gas phase In fra red  spectrum of (C0)2Ni(PF2H)2.
respec tive ly . These data are expanded in the discussion.
Exchange Reactions Involving (CO)?N1 L? Complexes
Reaction of (CO)?Ni(PF^)^ and PF^H. When the 1:1 reaction of 
(CO)2Ni (PF3 ) 2  dnd ln ^ 2 ^ 2  was monitored by 31P and ^F  NMR at
-80°C evidence for a slow exchange reaction was obtained.
(CO)2 Ni(PF3 ) 2 + 2PF2H > (C0)2 Ni(PF2 H) 2 + 2 PF3# (28)
After 50 hours at -80°C the ra t io  of (CO) 2 N i(PF3 ) 2 to (CO) 2 Ni(PF2 H) 2
was approximately 13:1. After 15 more days at -80°C the exchange had
progressed a b it  more to give a - 1 0 : 1  ra t io  of (C0)2 Ni(PF3 ) 2 to
(CO)2 N i(PF2 H)2. Equilibrium reaction data were not obtained due to
the presence of un identif ied side products; however, th is experiment
does indicate that some (CO)2Ni (PF2 H) 2 can be formed by the reaction
of (C0)2 Ni(PF3 ) 2  and PF2 H.
Reaction of (CO)?Ni(PF?H) 9 and PF^. In a manner identical to
that used for the (C0)2 Ni(PF3 ) 2 and PF2H reaction, the 1:1 reaction
? l
of (C0)2N i(PF2H) 2  and PF3  was monitored by low temperature J1P and 
19F NMR. In th is  case the NMR gave evidence for a considerably 
fas te r exchange reaction.
(C0)2 Ni(PF2 H) 2  + 2PF3  -» (CO)2N i(PF3) 2 + 2PF2 H. (29)
Afte r 50 hours at -80°C the ra t io  of (C0 )2Ni(PF2 H)2; (C0)2N i(PF3 ) 2  was 
approximately 7:1, and a fte r  15 more days at -30 C the ra tio  was 
'4 :1 . I n i t i a l l y  side reactions were observed, but overall th is
r e a c t i o n  w a s  c l e a n .  T h e  d a t a  s u g g e s t ,  b u t  d o  n o t  p r o v e  
u n e q u i v o c a l l y ,  t h a t  P F 3  c o o r d i n a t e s  m o r e  s t r o n g l y  t o  n i c k e l  t h a n  d o e s
p f 2 h .
D i s c u s s i o n
I n f r a r e d  D a t a
A s s i g n m e n t s  o f  t h e  i n f r a r e d  s p e c t r a l  d a t a  p r e s e n t e d  i n  t h i s  
c h a p t e r  f o r  ( C O ) 3 N i ( P F 2 H )  a n d  ( C 0 ) 2 N i ( P F 2 H ) 2  w e r e  made by c o m p a r i s o n  
u s i n g  t h e  w o r k s  o f  R u d o l p h  a n d  S t a p l i n  f r o m  t h i s  l a b o r a t o r y  a s  a 
g u i d e . 2 6 , 5 2  C e r t a i n  s p e c t r a l  c h a r a c t e r i s t i c s  a r e  s e e n  w h i c h  a r e  
d i a g n o s t i c  f o r  m e t a l  c o o r d i n a t e d  f l u o r o p h o s p h i n e  o r  c a r b o n y l  
c o m p l e x e s .
T h e  v ( P F ) o f  P F 3  i s  r e p o r t e d  t o  s h i f t  t o  h i g h e r  f r e q u e n c i e s  u p o n  
c o o r d i n a t i o n  t o  a m e t a l  c e n t e r . 1 1 1  A s i m i l a r  f r e q u e n c y  s h i f t  i s  s e e n  
f o r  t h e  n i c k e l  c o m p l e x e s  o f  P F 2 H .  F r e e  P F 2 H h a s  a P - F  s t r e t c h i n g  
f r e q u e n c y  ( Q  b r a n c h )  o f  839 cm ( C O ) 3 N i ( P F 2 H ) ,  ( C O ) 2 N i ( P F 2 H ) 2  a n d  
N i ( P F 2 H ) 4 ,  w i t h  v ( P F )  = 8 8 3  cm- 1 ,  853 cm" 1 a n d  906 cm" 1 r e s p e c t i v e l y ,  
a l s o  s h o w  h i g h e r  f r e q u e n c y  v ( P F )  v a l u e s  t h a n  d o e s  t h e  f r e e  l i g a n d ,  
P F o H .  A n  i n t e r e s t i n g  i r r e g u l a r i t y  a p p e a r s  a t  ( C 0 ) 3 N i { P F 2 H ) .
T h e  v ( P F )  o f  8 8 3  cm- 1  i s  h i g h e r  t h a n  t h e  c o m p a r a b l e  v a l u e s  f o r  
( C O ) 2 N i  C P F 2 H ) 2 .  T a b l e  1 6  l i s t s  s i m i l a r  v a l u e s  f o r  t h e  P F 3  a n d  
M e 2 N P F 2  c o m p l e x e s ,  a n d  a m o r e  r e g u l a r  t r e n d  i s  o b s e r v e d .  A p p a r e n t l y  
t h e  P F  b o n d  i n  ( C 0 ) 3 N i ( P F 2 H )  i s  s t r o n g e r  t h a n  t h o s e  i n  P F 2 H o r  
( C 0 ) 2 N i ( P F 2 H ) 2 .  T h i s  s u g g e s t s  t h a t  a h i g h e r  d e g r e e  o f  F + P  p * - d n  
b a c k b o n d i n g  e x i s t s  i n  t h e  m o n o s u b s t i t u t e d  c a s e .  T h i s  i r r e g u l a r i t y  
h a s  n o t  b e e n  e x p l a i n e d .
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v ( P F )  V a l u e s  f o r  P F - j ,  P F 2 H ,  M e 2 N P F 2  a n d  t h e i r  N i c k e l  C o m p l e x e s .
L  ( C 0 ) 3 N 1 L  ( C 0 ) 2 N i L 2  ( C O ) N 1 L 3  N L 4
v(PF)
P F 3 “ *
p f 2 h
M e 2 N P F 2 1 0 1
T a b l e  1 6
892 907 930 927 960
839 883 853 — -  906
81 2 —  828 —  842
I t  i s  a l s o  k n o w n  t h a t  t h e  v ( C 0 )  v a l u e s  f o r  m e t a l  c a r b o n y l  
c o m p l e x e s  a r e  u s u a l l y  a t  l o w e r  f r e q u e n c i e s  t h a n  t h e  v ( C O ) f o r  c a r b o n  
m o n o x i d e  w h i c h  o c c u r s  a t  2 1 5 5  cm' 1 . 1 1 1  T h e  A j  mode c a r b o n y l  
s t r e t c h i n g  f r e q u e n c i e s  f o r  N i ( C 0 ) 3 ( P F 2 H )  a n d  N i ( C 0 ) 2 ( P F 2 H ) 2  a s  s e e n  
on T a b l e  1 7  d o  o c c u r  a t  f r e q u e n c i e s  l o w e r  t h a n  2 1 5 5  cm” 1 .  T h e  
i n f r a r e d  d a t a  c o n c u r  w i t h  t h e  NMR a n d  ma s s  s p e c t r a l  d a t a  i n  
s o l i d i f y i n g  t h e  c h a r a c t e r i z a t i o n  o f  t h e  t w o  new P F 2 H s p e c i e s .  T a b l e  
1 7  l i s t s  t h e  i n f r a r e d  A-  ^ m o d e  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  f o r  a 
n u m b e r  o f  N i ( C O ) 4 _ n L 4  s p e c i e s .
B y  c o m p a r i n g  t h e  A^ m o d e ,  w h i c h  i s  p r e s e n t  i n  a l l  t h r e e  s p e c i e s ,  
a d e c r e a s e  i n  v ( C 0 )  i s  s e e n  i n  t h e  s e q u e n c e  N i ( C O ) 3 L ,  N i ( C 0 ) 2 L 2 ,
N i  ( C O ) L 3  f o r  a g i v e n  L .  T h e  d e c r e a s e  i n  v ( C 0 )  c a n  be e x p l a i n e d  a s  a 
w e a k e n i n g  o f  t h e  c a r b o n - o x y g e n  t r i p l e  b o n d  a s  a r e s u l t  o f  i n c r e a s e d  
p i  b a c k b o n d i n g  f r o m  t h e  m e t a l  t o  t h e  CO a n t i b o n d i n g  a c c e p t o r  
o r b i t a l s . ^ 1 , 1 0 6  I n  a l l  o f  t h e s e  c a s e s  t h e  p h o s p h o r u s  l i g a n d s  a r e  
p o o r e r  p i  a c c e p t o r s  t h a n  CO so a s  m o r e  o f  t h e  p h o s p h o r u s  l i g a n d s  a r e  
c o o r d i n a t e d  t o  t h e  m e t a l ,  t h e  m e t a l - t o - C O - p i  b a c k b o n d i n g  i n c r e a s e s  t o  
p r e v e n t  a b u i l d u p  o f  e l e c t r o n  d e n s i t y  a t  t h e  m e t a l  c e n t e r .
A n o t h e r  i n t e r e s t i n g  t r e n d  c a n  be n o t e d  by  o b s e r v i n g  t h e  v ( C O ) 
c h a n g e  a s  d i f f e r e n t  l i g a n d s  a r e  s u b s t i t u t e d .  A d e c r e a s e  i n  v ( C 0 )  
c a n  a g a i n  be c o n s i d e r e d  t o  a r i s e  f r o m  t h e  s u b s t i t u t i o n  o f  p o o r e r  pi  
a c c e p t o r  o r  s t r o n g e r  s i g m a  d o n o r  p h o s p h o r u s  l i g a n d s .  T a b l e  1 7 ,  
t h e r e f o r e ,  s h o w s  a r e l a t i v e  l i s t i n g  o f  t h e  pi  a c i d i t y  a n d  s i g m a  
b a s i c i t y  o f  t h e  p h o s p h o r u s  l i g a n d s  ( n e t  e l e c t r o n  d o n a t i n g  a b i l i t y ) .  
F i g .  2 7  s c h e m a t i c a l l y  d e s c r i b e s  t h i s  c o n c e p t .
Wh e n  P F 2 H i s  c o m p a r e d  t o  M e 2 N P F 2  o n e  w o u l d  i n t u i t i v e l y  e x p e c t
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v ( C O )  Mo d e  F r e q u e n c i e s  t o r  N 1 ( C 0 ) 4 „ n L n S p e c i e s .
T a b l e  1 7
L N 1 ( C 0 ) 3 L n k c o ) 2 l 2 N1 ( C 0 ) l _3 R e f .
G o o d  n A c i d CO 2 1 3 1 2 1 3 1 2 1 3 1
P o o r  o B a s e P F 3 2 1 1 7  ( 2 1 1 1 ) 2 1 0 1  ( 2 0 9 4 ) 2 0 8 4  ( 2 0 7 6 ) 1 0 2 , 1 0 9 b , 1 1 2
P C 1 3 ( 2 1 0 3 ) ( 2 0 8 1 ) ( 2 0 5 9 ) 1 0 9 b
p f 2 h 2 1 1 0  ( 2 0 9 9 ) 2 0 8 7 ----- c
M e 2 N P F 2 2 1 0 2 2 0 6 0  ( 2 0 4 9 ) 2 0 1 8 1 0 1 , 1 1 3
p h 3 ( 2 0 8 3 ) 2 0 5 7 ----- c ,  1 1 4
P o o r  n A c i d P ( O M e ) 3 ( 2 0 8 2 ) ( 2 0 2 8 ) ----- 1 0 9 b
G o o d  o B a s e P M e 3 ( 2 0 6 9 ) ( 2 0 0 2 ) ( 1 9 2 3 ) 1 0 9 b
- v ( C O )  d e c r e a s e s  — >
a .  Y a l u e s  a r e g i v e n  1 n cm- 1 •
b .  V a l u e s  i n p a r e n t h e s e s a r e  h y d r o c a r b o n s o l u t i o n  d a t a .  A l l o t h e r s  a r e  g a s  p h a s e  d a t a .
c .  T h i s  w o r k .
V (CO) INCREASES WHEN P IS A GOOD PI ACCEPTOR
M - + C 0  B A C K B O N D I N G  D E C R E A S E S  
B O N D I N G  A P P R O A C H E S  M - C = 0  
M - C  B O N D I N G  M I N I M A L  
C - 0  B O N D I N G  V E R Y  S T R O N G  ( T R I P L E  B O N D )
H I G H  CO S T R E T C H I N G  F R E Q U E N C Y
•u(co) DECREASES WHEN P IS A POOR PI ACCEPTOR
M - . C O  B A C K B O N D I N G  I N C R E A S E S  
B O N D I N G  A P P R O A C H E S  M=C=0
M - C  B O N D I N G  S T R E N G T H E N E D
C - 0  B O N D I N G  W E A K E N E D  ( D O U B L E  B O N D )
R E D U C E D  CO S T R E T C H I N G  F R E Q U E N C Y
F i g .  2 7 .  R e l a t i o n s h i p  o f  v ( C O )  a n d  p i  a c c e p t i n g  a b i l i t y  o f  
p h o s p h o r u s  l i g a n d s .
M e 2 N P F 2  t o  b e  a s t r o n g e r  L e w i s  b a s e  d u e  t o  t h e  l o n e  p a i r  on 
n i t r o g e n .  T h e  x - r a y  c r y s t a l  s t r u c t u r e  o f  M e 2 N P F 2  d o e s  show t h a t  t h e  
m e t h y l  g r o u p s ,  t h e  n i t r o g e n  a n d  t h e  p h o s p h o r u s  a l l  l i e  i n  a p l a n e  
a l l o w i n g  f o r  b a c k  d o n a t i o n  f r o m  t h e  n i t r o g e n  t o  t h e  p h o s p h o r u s  i n  t h e  
f o r m  o f  a p a r t i a l  d o u b l e  b o n d . 1 1 5  A d o u b l e  b o n d  o f  t h i s  t y p e  w o u l d  
e n h a n c e  t h e  s i g m a  b a s i c i t y  o f  t h e  p h o s p h o r u s  c e n t e r . 4 2  
T h e  v ( C O ) v a l u e s  f o r  t h e  t w o  new P F 2 H s p e c i e s  a r e  h i g h e r  t h a n  t h o s e  
l i s t e d  f o r  t h e  a n a l o g o u s  M e 2 N P F 2  s p e c i e s .  T h i s  s u g g e s t s  t h a t  P F 2 H i s  
i n d e e d  a w e a k e r  L e w i s  b a s e  t h a n  M e 2 N P F 2 .
O u r  d a t a  on t h e  m i x e d  n i c k e l  c a r b o n y l  P F 2 H c o m p l e x e s  p r o v i d e  a 
new i n s i g h t  t o  t h e  r e l a t i v e  o r d e r i n g  o f  e l e c t r o n  d o n o r - a c c e p t o r  
p r o p e r t i e s  o f  P F 2 H ,  P F 3 ,  a n d  P H 3  F r o m  l o o k i n g  a t  T a b l e  1 7  i t  c a n  be 
s e e n  t h a t  t h e  A ^  c a r b o n y l  s t r e t c h i n g  f r e q u e n c y  o f  N i ( C O ) 3 P F 2 H ,  2 0 9 9  
cm” 1 ,  i s  i n t e r m e d i a t e  b e t w e e n  t h e  a n a l o g o u s  s t r e t c h i n g  f r e q u e n c i e s  o f  
N i ( C 0 ) 3 P F 3 ,  2 1 1 1  cm” 1 ,  a n d  N i t C O ^ P ^ ,  2 0 8 3  cm- 1 .  B a s e d  on t h e  
p r i n c i p l e s  p r e s e n t e d ,  t h e s e  i n f r a r e d  d a t a  c l e a r l y  s u g g e s t  t h a t  t h e  
e l e c t r o n  d o n o r - a c c e p t o r  p r o p e r t i e s  o f  P F 2 H a r e  i n t e r m e d i a t e  b e t w e e n  
P F 3  a n d  P H 3  a s  e x p e c t e d .  S e e  F i g .  2 8 .  O n e  w o u l d  a n t i c i p a t e  t h a t  
i n c r e a s e d  o d o n o r  p o w e r  f o r  t h e  l i g a n d ,  L ,  w o u l d  l o w e r  t h e  f r e q u e n c y  
f o r  v ( C 0 )  w h i l e  an i n c r e a s e d  T i - a c c e p t o r  a b i l i t y  o f  L  w o u l d  
r a i s e  v ( C 0 ) .  T h e  s u b s t i t u t i o n  o f  H f o r  o n e  F  i n  P F 3  w o u l d  be 
e x p e c t e d  t o  i n c r e a s e  s l i g h t l y  t h e  s i g m a  d o n o r  a b i l i t y  o f  t h e  
p h o s p h o r u s  a t o m  a n d  t o  r e d u c e  s l i g h t l y  i t s  tt a c c e p t o r  a b i l i t y .  B o t h  
e f f e c t s  w o u l d  r e s u l t  i n  a n e t  r e d u c t i o n  o f  t h e  v ( C 0 )  v a l u e  a s
o b s e r v e d  f r o m  P F 3  t o  P F 2 H .








(C0)x N i ( P F 3 )y (CO)xNi ( P F 2H)y (CO)x Ni(PFH2 )^a (C O )x N i (PH 3 )y
▲ X=3, Y=1 (SOLUTION PHASE DATA)
•  X = 2 , Y=2 (GAS PHASE DATA) 
a Data not available
F 1 g .  2 8 .  A i  c a r b o n y l  s t r e t c h i n g  f r e q u e n c i e s  f o r  ( C 0 ) 3 N i L  s p e c i e s ,  L  
= P F 3 ,  P F 2 H a n d  P H 3 .
d a t a .  H e  i n c o r p o r a t e d  d a t a  f o r  7 0  N i ( C O ) 3 L  t y p e  c o m p o u n d s ,  L  = 
p h o s p h o r u s  l i g a n d s ,  a n d  d e v i s e d  a s u b s t i t u e n t  a d d i t i v i t y  
f o r m u l a .  T h i s  f o r m u l a  a l l o w s  t h e  v ( C 0 )  mode t o  be s u c c e s s f u l l y  
p r e d i c t e d  f o r  C H 2 C 1 2  s o l u t i o n s  o f  N i ( C O ) 3  P X ' X ' ' X ' 1 ' t y p e  
c o m p l e x e s .  When h i s  w o r k  w a s  r e p o r t e d ,  t h e  e x p e r i m e n t a l  v a l u e  f o r  
t h e  A ^  c a r b o n y l  mode w a s  n o t  k n o w n  f o r  N i ( C O ) 3 P H 3 .  S i n c e  t h a t  t i m e  
t h e  v a l u e  w a s  r e p o r t e d  b y  B i g o r g n e ,  L o u t e l l i e r  a n d  P a n k o w s k i  t o  be 
2 0 8 3  cm" 1 , 1 1 4  w h i c h  i s  v e r y  c l o s e  t o  t h e  2 0 8 1  cm- 1  p r e d i c t e d  by 
T o l m a n ' s  t h e o r y .  S e e  T a b l e  1 8 . ^  B e c a u s e  t h i s  m e t h o d  g a v e  f a i r l y  
c l o s e  e s t i m a t i o n s  f o r  N i ( C O ) 3 P F 3  a n d  N i ( C O ) 3 P H 3  we t h o u g h t  i t  w o u l d  
be i n t e r e s t i n g  t o  t e s t  t h e  v a l i d i t y  o f  t h e  m e t h o d  f o r  t h e  new 
N i ( C 0 ) 3 P F 2 H s p e c i e s .  A s  can be s e e n  on T a b l e  1 8 ,  t h e  p r e d i c t e d  
v a l u e  f o r  N i ( C O ) 3 P F 2 H i n  s o l u t i o n  i s  2 1 0 1  cm” 1 . T h e  a c t u a l  s o l u t i o n  
p h a s e  v a l u e  i s  2 0 9 9  cm” 1 .  T h e  p r e d i c t e d  v a l u e  f o r  N i ( C O ) 3 P F 2 H i s  
w i t h i n  2  cm” 1 o f  t h e  a c t u a l  v a l u e  a n d  i s  q u i t e  d i f f e r e n t  f r o m  t h e  
v a l u e s  p r e d i c t e d  f o r  N i  ( C O ) 3 L  wh e n  L  = P F 3 ,  P H 3  o r  t h e  y e t  u n k n o w n  
P F H 2 .  T h e  a b i l i t y  t o  s u c c e s s f u l l y  p r e d i c t  t h e  c a r b o n y l  s t r e t c h i n g  
f r e q u e n c y  f o r  N i ( C O ) 3 P F 2 H s u g g e s t s  t h a t  P F 2 H i s  a w e l l  b e h a v e d  
c o m p o u n d ,  a n d  t h a t  i t  d o e s  n o t  h a v e  a n y  a n o m a l o u s  e l e c t r o n  d o n o r -  
a c c e p t o r  p r o p e r t i e s  i n  i t s  r e a c t i v i t y  w i t h  n i c k e l .  T h i s  b e h a v i o r  
c o n t r a s t s  s h a r p l y  w i t h  t h e  b e h a v i o r  o f  P F 2 H t o w a r d  B H 3 .
We b e l i e v e  t h a t  t h e  u n u s u a l  s t a b i l i t y  n o t e d  f o r  P F 2 H b o r a n e  
c o m p l e x e s  i s  l a r g e l y  g e n e r a t e d  b y  an u n i q u e  i n t r a m o l e c u l a r  
i n t e r a c t i o n  b e t w e e n  t h e  m o r e  p r o t o n i c  h y d r o g e n  on P F 2 H a n d  t h e  
h y d r i d i c  h y d r o g e n s  o f  t h e  b o r o h y d r i d e .  T h i s  h y p o t h e s i s  i s  s u p p o r t e d  
by t h e  f a c t  t h a t  t h e  m i c r o w a v e  s p e c t r o s c o p i c  s t r u c t u r e  f o r  H 3 B • P F 2 H
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S u b s t i t u e n t  A d d i t i v i t y  T h e o r y  f o r  P r e d i c t i n g  S o l u t i o n  P h a s e  
v ( C 0 )  A x V a l u e s  f o r  N i ( C O ) 3  P X ' X 1 ' X * ‘ .
T a b l e  18
L E x p e r i m e n t a l ,  
cm” 1
C a l c u l a t e d , a 
cm” 1
A
2 1 1 0 . 8 2 1 1 1 0
p f 2 h 2 0 9 9 2 1 0 1 - 2
" P F H 2 ' ----- 2 0 9 1 -----
p h 3 2 0 8 3 2 0 8 1 + 2
- I
a .  v ( C 0 )  A .  = 2 0 5 6 . 1  + I  X cm .  
1  i = l
s h o w s  t h a t  t h e  b o r a n e  g r o u p  i s  t i l t e d  a w a y  f r o m  t h e  f l u o r i n e  
4 4  -r i
a t o m s .  T h e  l a r g e  b a r r i e r  t o  r o t a t i o n  f o r  H 3 B » P F 2 H ,  3 . 6 - 4 . 5  
K c a l / m o l e ,  c o m p a r e d  t o  t h a t  f o r  H 3 B - P F 3 ,  3 . 2 5  K c a l / m o l e ,  i s  a l s o  
e v i d e n c e  s u p p o r t i n g  t h i s  p o i n t . 4 5  O t h e r  f a c t o r s  may u n d o u b t e d l y  
a f f e c t  t h e  s t a b i l i t y  o f  P F 2 H b o r a n e  c o m p l e x e s ,  b u t  t h e  " n o r m a l "  
r e a c t i v e l y  p a t t e r n s  f o r  P F 2 H w i t h  n i c k e l  s u g g e s t  t h a t  P F 2 H i s  n o t  i n  
i t s e l f  u n u s u a l .
E x c h a n g e  R e a c t i o n  D a t a
T h e  r e s u l t s  o f  t h e  t w o  i d e n t i c a l  e x c h a n g e  r e a c t i o n s  a r e  c o m p a r e d  
i n  T a b l e  1 9 .  T h e  f a c t  t h a t  some e x c h a n g e  o c c u r r e d  i n  e a c h  p r o c e s s  
w a s  n o t  u n e x p e c t e d .  E x c h a n g e  r e a c t i o n s  o f  t h i s  t y p e  a r e  u s u a l l y  
g o v e r n e d  b y  a d i s s o c i a t i v e  r e a c t i o n  m e c h a n i s m ,  so i t  i s  n o t  
s u r p r i s i n g  t h a t  some L '  w a s  i n c o r p o r a t e d  i n  e a c h  c a s e . q 3 # 1 0 0 , 1 1 6 ~ 1 2 0
( CO) 2 NiL 2  + 2 L 1 + ( CO)2NiL ' 2  + 2 L .  ( 30)
T h e  e x t e n t  o f  e a c h  e x c h a n g e  r e a c t i o n  i s  an i m p o r t a n t  c o n s i d e r a t o n .
I f  t h e  N i - L  b o n d  i s  s t r o n g  i t  w i l l  s t a y  i n t a c t  l o n g e r .  I f  t h e  N i - L  
b o n d  i s  w e a k ,  t h e n  t h e  d i s s o c i a t i o n  o f  L  ( w h i c h  i s  t h e  f i r s t  s t e p  i n  
t h e  e x c h a n g e  p r o c e s s )  w i l l  o c c u r  m o r e  r e a d i l y .
L '
( C 0 ) 2 N i L 2  -*• ( C O ) 2 N i L  + L  ------ »  ( C O ) 2 N i L L ' + L .  ( 3 1 )
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O u r  p r e l i m i n a r y  r e s u l t s  s u g g e s t  t h a t  t h e  N i - P F j  i n t e r a c t i o n  may 
b e  s t r o n g e r  t h a n  t h a t  o f  N i - P F 2 H ,  b e c a u s e  t h e  ( C 0 ) 2 N i ( P F 2 H ) 2  + P F 3 
r e a c t i o n  g o e s  i n  t h e  f o r w a r d  d i r e c t i o n  t o  a l a r g e r  e x t e n t  t h a n  d o e s
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T a b l e  19 
E x c h a n g e  R e a c t i o n  D a t a .
( C 0 ) 2 N i L 2  + 21 ' ( C O ) 2 N i  L 2 ’ + 2 L
L L ' ( C O ) 2 N i  L 2 : ( C O ) 2 N i  L 11
2
50 h r ,  - 8 0 ° C 1 7  d a y s ,  - 8 0 ° C
P F 3 p f 2 h 1 3 : 1 1 0 : 1
p f 2 h P F 3 7 : 1 4 : 1
t h e  ( C O ) 2 N i ( P F 3 ) 2  +  P F 2 H r e a c t i o n .  U n f o r t u n a t e l y ,  t h e  p r e s e n c e  o f  
s i d e  r e a c t i o n s ,  e s p e c i a l l y  i n  t h e  c a s e  o f  t h e  ( C 0 ) 2 N i  ( P F 3 ) 2  a n d  P F 2 H 
r e a c t i o n ,  h i n d e r s  m a k i n g  a d e f i n i t i v e  c o m p a r i s o n  o f  t h e  t w o  
r e a c t i o n s .  T h e s e  e x c h a n g e  r e a c t i o n s  do n o t  p r o v i d e  u n e q u i v o c a l  
i n f o r m a t i o n .  A t  b e s t  we c a n  t e n t a t i v e l y  s t a t e  t h a t  t h e  r e s u l t s  
o b t a i n e d  a p p e a r  t o  a g r e e  w i t h  t h o s e  o b t a i n e d  f r o m  o u r  i n f r a r e d  s t u d y ;  
no  e v i d e n c e  i s  s e e n  i n  s u p p o r t  o f  an a n o m a l o u s l y  s t r o n g  i n t r e a c t i o n  
b e t w e e n  P F 2 H a n d  t h e  n i c k e l  m o i e t y .
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S Y N T H E S E S  A N D  C H A R A C T E R I Z A T I O N S  O F  
B I S ( D I A L K Y L A M I  N O ) P H O S P H I N E  S P E C I E S
B a c k g r o u n d
O u r  i n t e r e s t  i n  t h e  c h e m i s t r y  o f  P F 2 H s t i m u l a t e d  a n  i n t e r e s t  i n  
P - H  c o m p o u n d s  i n  g e n e r a l  a n d  ( F ^ N ^ P H  t y p e  c o m p o u n d s  i n  p a r t i c u l a r .
We w a n t e d  t o  t e s t  t h e  u s e  o f  ( f ^ N ^ P H  t y p e  s p e c i e s  f o r  p o t e n t i a l  u s e  
a s  p r e c u r s o r s  f o r  P F 2 H s p e c i e s .  T h i s  c h a p t e r  d e s c r i b e s  t h e  s y n t h e s i s  
a n d  c h a r a c t e r i z a t i o n  o f  s e v e r a l  new s e c o n d a r y  a m i n o p h o s p h i n e s .  
R e a c t i o n s  o f  t h e s e  new s p e c i e s  a r e  d i s c u s s e d  i n  C h a p t e r  V .
S e c o n d a r y  p h o s p h i n e s ,  R 2 P H ,  a r e  r e p o r t e d  t o  b e  q u i t e  e a s i l y  
p r e p a r e d  b y  a n u m b e r  o f  m e t h o d s . 1 2 1  T h e  m o s t  c o m m o n l y  u s e d  r o u t e s  
a r e  ( 1 ) t h e  r e d u c t i o n  o f  h a l o p h o s p h i n e  d e r i v a t i v e s  a n d  ( 2 ) t h e  
a l k y l a t i o n  o f  p h o s p h i n e  s p e c i e s .
S e c o n d a r y  a m i n o p h o s p h i n e s ,  ( R 2 N ) 2 P H ,  a r e  m o r e  d i f f i c u l t  t o  
p r e p a r e .  A m i n o p h o s p h i n e s  c o n t a i n i n g  P - H  b o n d s  a r e  o f t e n  t h e r m a l l y
u n s t a b l e .  Whe n a n  e l e c t r o n e g a t i v e  a t o m  i s  a t t a c h e d  t o  t h e  P - H
.  1 ?? c e n t e r ,  a f a c i l e  a  e l i m i n a t i o n  c a n  o c c u r .
^ P --------R -  ( 1 / n ) ( P R )  + HX ( 3 2 )
X = N R 2 ,  O R ,  h a l o g e n .
IV
H o w e v e r ,  s e c o n d a r y  a m i n o p h o s p h i n e s  c a n  be s t a b i l i z e d  by c o m p l e x a t i o n
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t o  t r a n s i t i o n  r r e t a l s , 1 2 3  4  o r  b y  t h e  u s e  o f  b u l k y  g r o u p s  s u c h  a s  
1 2 5 - 1 2 8( ^ e 3 S i ) 2 N • T h e  o n l y  common e x a m p l e s  o f  t r i v a l e n t  p h o s p h o r u s
d e r i v a t i v e s  o f  t h e  t y p e  ( R 2 N ) 2 PH o t h e r  t h a n  s i l y l a m i n o p h o s p h i n e s ,  a r e
h e t e r o c y c l e s  o f  t h e  t y p e  R N C H 2 C H 2 C H R ' N ( R ) P H  o r  R N C H 2 C H 2 N ( R ) P H ,  w h e r e
t h e  R g r o u p s  a r e  l a r g e  a l k y l  s t r u c t u r e s  a n d  t h e  R ‘ i s  e i t h e r  H o r  an
a l k y l  g r o u p .  S e v e r a l  e x a m p l e s  o f  t h i s  t y p e  h a v e  b e e n  r e p o r t e d  by  
N i f a n t i e v  a n d  c o - w o r k e r s  u s i n g  t h e  p r e p a r a t i v e  r o u t e  o u t l i n e d  i n
e q u a t i o n  ( 3 3 ) . 1 2 9
R ' H  R 
H2 C P - C l
V
H H R
B u ^ S n H
R ' H  R
H ? C v  s P’ H 
C — N
H H k
+ B u ^ S n C l ( 3 3 )
P r i o r  t o  t h i s  w o r k ,  a l l  a t t e m p t s  t o  p r e p a r e  t h e  s e c o n d a r y  
a m i n o p h o s p h i n e ,  ( M e 2 N ) 2 P H ,  w e r e  u n s u c c e s s f u l . 1 3 0 ” 1 3 3
R e c e n t l y  t h e  s y n t h e s e s  o f  ( i - P r 2 N ) 2 P H ,  a n d  ( E t 2 N ) 2 PH w e r e  
r e p o r t e d  b y  K i n g ,  S a d n a n i ,  a n d  S u n d a r a m . 1 3 2 , 1 3 3  T h e  c o m p o u n d s  w e r e  
p r e p a r e d  b y  t h e  r e a c t i o n  o f  t h e  c o r r e s p o n d i n g  ( R 2 N ) 2 P C 1 p r e c u r s o r  
w i t h  U A I H 4  i n  d i e t h y l  e t h e r .  H o w e v e r ,  a n a l o g o u s  r e a c t i o n s  w i t h
( M e 2 N ) 2 p C l  a n d  C H 3 N C H 2 C H 2 N ( C H 3 ) P C 1  d i d  n o t  p r o d u c e  a n y  e v i d e n c e  o f  P* 
H p r o d u c t  f o r m a t i o n . 1 3 2 , 1 3 3
( M e 2 N ) 2 p C l  +  L i A l H 4  +  ( M e 2 N ) 3 P + o t h e r  p r o d u c t s  ( 3 4 )
f H
M - N\ ........ ................. „ U k ..31| > C 1  + L i  A l  H 4  --------- »  No  P - H  b y  P NMR ( 3 5 )
CH
H C - { J  
^ 3
• •
I n  1 9 6 3 ,  N o t h  a n d  V e t t e r  m o n i t o r e d  t h e  r e a c t i o n  o f  L i B H 4  w i t h
( N ) 2 PC 1 .  T n e y  o b t a i n e d  t h e  b o r a n e  a d d u c t  o f  b i s ( d i m e t h y l a m i n o ) -  
p h o s p h i n e ,  b u t  n o t  t h e  f r e e  p h o s p h i n e  i t s e l f . 1 3 0
( M e ^ N ) 2 P C I  + L i B H 4  >  ( M e 2 N ) ? P H * B H 3  + L i C l .  ( 3 6 )
K i n g  a n d  M o s l e r  s h o w e d  t h a t  t h e  u s e  o f  L i A l H [ 0 C ( C H 3 ) 3 ] 3  a s  a 
r e d u c i n g  a g e n t  o n  ( M e 2 N ) 2 P C l  w a s  a l s o  u n s u c c e s s f u l  a s  a m e t h o d  f o r  
p r e p a r i n g  ( M e 2 N ) 2 P H . 1 3 1  T h e y  r e p o r t e d  t h e  f o l l o w i n g  e q u a t i o n .
( M e 2 N ) 2 P C l  + L i A l H [ 0 C ( C H 3 ) 3 ] 3  -------> ( M e 2 N ) 2 P 0 C ( C H 3 ) 3  ( 3 7 )
+ o t h e r  p r o d u c t s  .
T h e  f a i l u r e  o f  t h e  f o r e g o i n g  p r o c e d u r e s  t o  p r o d u c e  ( M e 2 N ) 2 PH
s u g g e s t e d  t o  u s  i n t e r e s t i n g  p o s s i b i l i t i e s  r e l a t i v e  t o  t h e  m e c h a n i s m
o f  t h e  p r o c e s s .  A n u m b e r  o f  d i c o o r d i n a t e  p h o s p h o r u s  c a t i o n s  o f  t h e
t y p e  ( R 2 N ) 2 P + a r e  k n o w n . 1 3 4 " 1 3 9  T h e s e  c a t i o n s  a r e  s t r o n g  L e w i s
• 1a c i d s ,  t h e  r i n g  s t r u c t u r e s  b e i n g  p a r t i c u l a r l y  s t a b l e .  I f  a c a t i o n  
o f  t h i s  t y p e  w a s  t o  f o r m ,  e v e n  b r i e f l y ,  i n  s o l u t i o n  d u e  t o  t h e  
p r e c i p i t a t i o n  o f  a m e t a l  h a l i d e ,  o n e  w o u l d  e x p e c t  r a p i d  r e a c t i o n  w i t h  
a n y  h y d r i d e  s o u r c e  t o  p r o d u c e  b i s ( d i a l k y l a m i n o ) p h o s p h i n e s .
( R 2 N ) ^ P X  + m e t a l  h y d r i d e  -------»  ( R 2 N ) 2 P + + MX ( 3 8 )
— *  ( R 2 N ) 2 P H .
T h e  r e s u l t s  r e p o r t e d  by K i n g  a n d  c o w o r k e r s  s h ow t h a t  t h i s  d e s c r i p t i o n  
i s  t o o  s i m p l i s t i c .  T h e  d a t a  s u g g e s t  t h a t  t h e s e  r e a c t i o n s  a r e  v e r y  
s e n s i t i v e  t o  t h e  r e d u c i n g  a g e n t  c h o s e n  a n d  t o  t h e  t y p e  o f  o r g a n i c  
g r o u p s  a t t a c h e d  t o  n i t r o g e n .  S t e r i c  f a c t o r s  a p p e a r  t o  be o f  
i m p o r t a n c e  i n  t h e  r e d u c t i o n  o f  ( R 2 N ) 2 P C I  by  L i A 1 H 4 . 1 3 2 , 1 3 3  I f  t h e  R
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g r o u p s  a r e  l a r g e  a n d  b u l k y  s u c n  a s  i s o p r o p y l  o r  t e r t - b u t y l ,  t h e  
p h o s p h i n e ,  ( R 2 N ) 2 p H ,  c a n  be o b t a i n e d  i n  g o o d  y i e l d s ,  b u t  w h e n  R i s  
m e t h y l  t h e  d e s i r e d  p h o s p h i n e  i s  n o t  o b t a i n e d .
I n  o u r  s t u d y ,  t h e  r e a c t i v i t y  o f  b i s ( d i a l k y l a m i n o ) h a l o p h o s p h i n e s  
w i t h  h i n d e r e d  b o r o h y d r i d e  r e d u c i n g  a g e n t s  h a s  b e e n  e x a m i n e d .  We u s e d  
t h e  c o m m e r c i a l l y  a v a i l a b l e  S e l e c t r i d e s  ( l i t h i u m ,  s o d i u m ,  o r  p o t a s s i u m  
t r i - s e c - b u t y 1 b o r o h y d r i d e ) .  T h i s  m e t h o d  p r o v i d e s  a s i m p l e ,  h i g h  y i e l d  
s y n t h e t i c  r o u t e  t o  t h e  e l l u s i v e  ( N ^ N ^ P H  a l o n g  w i t h  t h e  new c y c l i c  
b i s ( m e t h y l a m i n o ) p h o s p h i n e ,  C H 3 N C H 2 C H 2 ( C H 3 ) NI ^H.  T h e  g e n e r a l  e q u a t i o n  
f o r  t h e  r e d u c t i o n  p r o c e s s  i s  s h o w n  i n  e q u a t i o n  ( 3 9 ) .
( R 2 N ) 2 P X  + M E H B R ^ ]  *  ( R 2 N ) 2 PH + MX + B R 3  ( 3 9 )
R *  = s e c - b u t y l .
B e c a u s e  B R 3  i s  a p o o r e r  L e w i s  a c i d  t h a n  B H 3 ,  n o  ( R 2 N ) 2 P H * B R 3  c o m p l e x ,
• •
s i m i l a r  t o  t h a t  s e e n  b y  N o t h  a n d  V e t t e r ,  i s  p r o d u c e d .
We w e r e  a l s o  i n t e r e s t e d  i n  t h e  c o o r d i n a t i o n  c h e m i s t r y  o f  t h e s e  
new p h o s p h i n e  s p e c i e s .  A m i n o h a l o p h o s p h i n e s  h a v e  a r i c h  a n d  
e x t e n s i v e l y  s t u d i e d  c o o r d i n a t i o n  c h e m i s t r y , 8 4 , 8 5 , 1 0 2 , 1 4 0 , 1 4 1  a n d  t h e  
c o o r d i n a t i o n  c h e m i s t r y  o f  t h e  p h o s p h e n i u m  c a t i o n  s p e c i e s  i s  a n  a r e a  
o f  c u r r e n t  i n t e r e s t . 1 3 9 , 1 4 2 ” 1 4 5  B y  u s e  o t  t h e  L - S e l e c t r i d e  r e d u c t i v e  
m e t h o d ,  t w o  new n i c k e l  c o m p l e x e s  h a v e  b e e n  s y n t h e s i z e d  f r o m  t h e i r  
b i  s ( d i a l k y l  a mi  n o )  h a l o p h o s p h i n e  d e r i v a t i v e s .  B o t h  ( C O ^ N i L f f ^ N ^ P H ]  
a n d  ( C O ) 3 N i [ C H ^ N C H ^ C H ^ ( C H ^ ) N P H ]  h a v e  b e e n  p r e p a r e d  a n d  c h a r a c t e r i z e d
*31
b y  J 1 P NMR s p e c t r o s c o p y .
I n  t h e  p r o c e s s  o f  t h e s e  r e a c t i o n s  a new n i c k e l  c o o r d i n a t e d  
p h o s p h e n i u m  c a t i o n  w a s  p r o d u c e d .  I t  w i l l  be b r i e f l y  d e s c r i b e d .
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T h e  p r e p a r a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  t h e s e  new c o m p o u n d s  a r e  
d i s c u s s e d  i n  t h e  f o l l o w i n g  t e x t .
B i  s ( d i a l k y l a m i  n o ) p h o s p h i  n e s
P r e p a r a t i o n  o f  ( M e ? N ) 9 PH
T h e  ne w d i a l k y l a m i n o p h o s p h i n e ,  b i s ( d i m e t h y l a m i n o ) p h o s p h i n e  i s  
q u i c k l y  a n d  e a s i l y  p r e p a r e d  b y  t h e  r e a c t i o n  o f  L - S e l e c t r i d e  ( L i t h i u m  
t r i - s e c - b u t y l  b o r o h y d r i d e )  a n d  e i t h e r  ( M e 2 N ) 2 P C l  o r  ( M e 2 N ) 2 P F  i n  T H F  
a t  - 2 3 ° C .
T H F
( M e 2 N ) 2 P X  + L i H B R 3  -------> ( M e 2 N ) 2 PH + L i X  + B R 3 .  ( 4 0 )
2 3  0
When ( M e 2 N ) 2 P F  w a s  u s e d  a s  a p r e c u r s o r ,  a 11% y i e l d  o f  ( M e 2 N ) 2 PH 
w a s  o b s e r v e d  b y  3 1 P NMR s p e c t r o s c o p y  a f t e r  a r e a c t i o n  t i m e  o f  1 5 - 2 0  
m i n u t e s .  T h e  o n l y  o t h e r  s p e c i e s  o b s e r v e d  w a s  t h e  u n r e a c t e d  ( M e 2 N ) 2 P F  
a n d ,  i n  some s a m p l e s ,  a s l i g h t  a m o u n t  o f  ( M e 2 N ) 3 P .  T h e  a m o u n t  o f  
( M e 2 N ) 3 P i n c r e a s e s ,  a n d  t h e  c l e a r  s o l u t i o n  s l o w l y  t u r n s  y e l l o w i s h ,  i f  
t h e  s a m p l e  i s  h e l d  a t  r o o m  t e m p e r a t u r e  f o r  e v e n  0 . 5  h o u r .  T h i s  
d e c o m p o s i t i o n  c a n  b e  p r e v e n t e d  b y  h o l d i n g  t h e  s a m p l e  a t  - 2 3 ° C ,  
a l t h o u g h  s a m p l e s  a r e  b e s t  s t o r e d  a t  - 8 0 ° C .
( M e 2 N ) 2 PH c a n  be i s o l a t e d  by  t r a p - t o - t r a p  d i s t i l l a t i o n .  T h e  
p u r e  p r o d u c t  i s  o b t a i n e d  a s  c r y s t a l s  a t  - 6 3 ° C .  T h e s e  c r y s t a l s  m e l t  
e v e n l y  t o  g i v e  a c o l o r l e s s  l i q u i d  u p o n  w a r m i n g  t o  r o o m  t e m p e r a t u r e .  
T h e  l i q u i d  d e c o m p o s e s  s l o w l y  on s t a n d i n g  a t  2 5 ° C .
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C h a r a c t e r i z a t i o n  o f  ( M e ? N ) ? P H
M a s s  s p e c t r a l  d a t a .  T h e  m a s s  s p e c t r a l  d a t a  o b t a i n e d  f o r  t h e  
p r o d u c t  f r o m  t h e  r e a c t i o n  o f  ( M e 2 N ) 2 P F  a n d  L - S e l e c t r i d e  a r e  
c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  o f  ( M e 2 N ) 2 P H .  E l e c t r o n - i m p a c t  m a s s  
s p e c t r a  w e r e  o b t a i n e d  a t  b o t h  7 0  a n d  20 e V .  T h e  p a r e n t  p e a k  a n d  t h e  
M+ - l  p e a k  a r e  s e e n  o n l y  i n  t h e  20 eV s p e c t r a  d u e  t o  t h e  e x t r e m e  
s e n s i t i v i t y  o f  ( M e 2 N ) 2 PH t o  e l e c t r o n  b o m b a r d m e n t .  T h e  m o s t  a b u n d a n t  
i o n s  i n  t h e  m a s s  s p e c t r a  a r e  t h e  same f o r  b o t h  v o l t a g e s  a n d  a r e  t h o s e  
e x p e c t e d  f o r  t h e  b r e a k d o w n  o f  t h e  a m i n o p h o s p h i n e  s p e c i e s .  S e e  T a b l e  
2 0 .  T h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  f r a g m e n t s  w e r e  n o r m a l i z e d  t o  t h e  
m o s t  a b u n d a n t  p e a k  a b o v e  m / z  = 3 5 .  T h e  p a r e n t  p e a k  wa s  p r e s e n t  i n  
s u c h  l o w  a b u n d a n c e ,  t h a t  t h e  s m a l l e r  m o l e c u l a r  w e i g h t  p e a k s  a p p e a r  
o f f  s c a l e .
I n f r a r e d  d a t a .  T h e  m o s t  d e f i n i t i v e  p e a k  on t h e  i n f r a r e d  
s p e c t r u m  i s  t h a t  o f  t h e  P - H  s t r e t c h i n g  b a n d  w h i c h  o c c u r s  a t  2 2 8 8  
cm” 1 .  N o r m a l l y  P - H  f r e q u e n c i e s  f a l l  i n  t h e  2 4 5 0 - 2 2 4 0  cm” 1 
r e g i o n . 1 1 1  F o r  e x a m p l e  c o m p a r a b l e  P - H  f r e q u e n c i e s  f o r  s i m i l a r  
s p e c i e s  a r e :  ( E t 2 N ) 2 P H ,  2 2 7 2  cm” 1 ;  ( i - P ^ N ^ P H ,  2 2 2 5  cm a n d  P F 2 H ,  
2 2 4 0  cm” 1 . 7 , 1 ^ * 1 ^  I t  i s  a p p a r e n t  t h a t  o u r  d a t a  a r e  c o n s i s t e n t  w i t h  
t h a t  e x p e c t e d  f o r  ( M e 2 N ) 2 P H .  T h e  i n f r a r e d  s p e c t r u m  o f  ( M e 2 N ) 2 ^H i s  
s h o w n  i n  F i g .  2 9 .  T e n t a t i v e  p e a k  a s s i g n m e n t s  a r e  made f r o m  
c o m p a r i s o n  w i t h  l i t e r a t u r e  v a l u e s . 1 ^  1 4 8  T a b l e  2 1  c o m p a r e s  o u r  
v a l u e s  w i t h  t h o s e  f o r  ( M e 2 ^ ) 2 ^ ^  a s  a s s i g n e d  b y  F l e m m i n g . 1 4 ^
T h e  d e c o m p o s i t i o n  o f  ( M e 2 N ) 2 PH w a s  o b s e r v e d  by i n f r a r e d  
s p e c t r o s c o p y .  A s a m p l e  o f  ( M e 2 N ) 2 PH w a s  a l l o w e d  t o  s i t  a t  r o o m  
t e m p e r a t u r e  i n  a g a s  I R  c e l l .  A  y e l l o w  f i l m  a p p e a r e d  on t h e  I R  c e l l
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Ta b le  20
E l e c t r o n  I m p a c t  ( 2 0  e V )  M a s s  S p e c t r a l  
D a t a  f o r  ( M e 2 N ) 2 P H .
m / z I o n R e l a t i v e  I n t e n s i  t y
1 2 0 [ ( c h 3 ) 2 n ] 2 p h + ‘ 3
1 1 9 [ ( CH 3 ) 2 N ] 2 P + 9
7 6 ( c h 3 ) 2 n p h + 1 4
45 N - P + > 1 0 0
4 4 ( c h 3 ) 2 n + > 1 0 0
4 3 ( c h 3 ) 2 n+ - h >  1 0 0
4 2 ( C H 3 ) 2 N - 2 H >  1 0 0
( R e p r i n t e d  b y  p e r m i s s i o n  f r o m  I n o r g .  C h e m .  1 9 8 5 ,  2 4 ,  
1 4 6 0 .  C o p y r i g h t  b y  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y T T
I l l
~r~—»----’---------- ---1----1----1--- 1——i----r
r ~ \ \






cm' 4000 3000 2000 1600 1200 600
F i g .  2 9 .  G a s  p h a s e  i n f r a r e d  s p e c t r u m  o f  ( Me 2 N ) 2 p H .
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C o m p a r i s o n  o f  t h e  I n f r a r e d  S p e c t r a  
o f  ( M e 2 N ) 2 PH a n d  ( M e 2 N ) 2 P F ,  cm” 1 .
T a b l e  21
( M e 2 N ) 2 P H  ( g a s )  A s s i g n m e n t  ( M e 2 N ) 2 P F  ( g a s ) 1 4 6  A s s i g n m e n t 1 4 6
2 9 6 8  v s  v ( C H )  
2 8 9 2  v s , b r
2 8 0 2  v s  v s ( C H )
2 2 8 8  m v ( P H )
1 4 6 5  m 6 ( C H 3 ) 
1 4 5 6  m
1 2 6 6  m 5 [ P - N - C H 3 ]
1 2 1 0  s
1 1 6 7  m p ( C H 3 )
1 1 5 6  m 
1 1 4 5  m
1 0 6 6  w v ( C N )
1 0 3 6  w 
1 0 2 1  w
9 9 3  m v [ ( C H 3 ) 2 N - P ]
9 5 8  s
8 6 0  vw [ P “ N < ^ q ]
7 4 4  s P - N  o r
7 3 3  s M e 2 NH i m p u r i t y
N6 6 4  s v [ N - P C | ] ]  6 7 7  v  L N - P ^
2 8 8 2 s v ( C H )
2 8 4 2 ( s h )
2 7 9 5 m v S ( C - H )
1 4 6 9 m w ( b r ) 6 ( C H 3 )
1 4 6 3 m
1 4 5 3 mw
1 2 8 0 m 6 S ( C H 3 )
1 1 9 9 m p ( C H 3 )
1 1 6 4 mw( s h )
1 0 5 7 mw v ( C N )
9 7 3 s v [ ( C H 3 )
985
9 4 9 v s
7 4 5 v ( P - F )
v S [  N - P ~
N
d u r i n g  t h i s  p r o c e s s .  T h e  i n f r a r e d  s p e c t r u m  o f  t h e  d e c o m p o s i t i o n  
p r o d u c t  w a s  o b t a i n e d .  By  c o m p a r i s o n  w i t h  a u t h e n t i c  s p e c t r a ,  o n e  o f  
t h e  d e c o m p o s i t i o n  p r o d u c t s  w a s  i d e n t i f i e d  a s  M e o N H .  S e e  F i g .  3 0 .  
A f t e r  5 h o u r s  a t  r o o m  t e m p e r a t u r e ,  ( M e 2 N ) 2 PH i s  94% d e c o m p o s e d  i n t o  
M e 2 NH a n d  y e l l o w  n o n v o l a t i l e  o i l s  a s  m e a s u r e d  b y  t h e  d e c r e a s e  i n  
t h e  v ( P H )  i n t e n s i t y .  A s  w a s  m e n t i o n e d  e a r l i e r ,  t h i s  t y p e  o f  
d e c o m p o s i t i o n  i s  common f o r  a m i n o p h o s p h i n e s  c o n t a i n i n g  a P - H  b o n d  d u e  
t o  a f a c i l e  a  e l i m i n a t i o n . 1 '1 '1 S e e  e q u a t i o n  3 2 .  T h e  y e l l o w  o i l  
p r e s u m a b l y  c o n t a i n e d  ( P N R 2 ) n o r  a d e c o m p o s i t i o n  p r o d u c t  o f  t h i s  
f r a g m e n t .
3 1 P NMR d a t a .  T h e  3 1 P NMR s p e c t r u m  o b t a i n e d  a t  - 2 3 ° C  s h o w s  a 
d i s t i n c t i v e  P - H  d o u b l e t  a t  95 ppm w i t h  a c o u p l i n g  c o n s t a n t ,  J p H ,  o f  
2 5 0  H z .  F i g .  3 1  s h o w s  t h e  3 1 P NMR s p e c t r a  f o r  ( M e 2 N ) 2 P H .  T h e  3 1 P 
c h e m i c a l  s h i f t  o f  ( M e 2 N ) 2 P H ,  95 p p m ,  i s  u p f i e l d  f r o m  t h a t  o f  
( M e 2 N ) 2 P F ,  1 5 3  p p m ,  o r  ( M e 2 N ) 2 P C l ,  1 6 0  p p m . 8 0  U p f i e l d  3 1 P c h e m i c a l  
s h i f t s  a r e  a l s o  r e c o r d e d  a s  ( R 2 N ) 2 P ^ 1  *  ( R 2 N ) 2 PH w h e n  R i s  e t h y l  o r  
i s o p r o p y l . 8 0 * 1 33 s e e  T a b l e  2 2 .  An u p f i e l d  s h i f t  o f  t h i s  t y p e  i s  
e x p e c t e d  w h e n  a h i g h l y  e l e c t r o n e g a t i v e  s u b s t i t u e n t  ( F , C 1 )  i s  r e p l a c e d  
by  a l e s s  e l e c t r o n e g a t i v e  s u b s t i t u t e n t  ( H )  d u e  t o  a n  i n c r e a s e  i n
s h i e l d i n g  o f  t h e  p h o s p h o r u s  c e n t e r .
T h e  P - H  c o u p l i n g  c o n s t a n t  o f  2 5 0  H z  t o r  ( M e 2 N ) 2 PH i s  c o m p a r a b l e  
w i t h  t h e  P - H  c o u p l i n g  c o n s t a n t s  s e e n  f o r  o t h e r  k n o w n
1 2 9  1 3 2  1 3 3
b i s ( d i a 1 k y 1 a m i  n o ) p h o s p h i n e  s p e c i e s  a s  s h o w n  on T a b l e  2 3 .
* H  NMR d a t a  T h e  p r o t o n  NMR d a t a  f o r  ( M e 2 N ) 2 PH a r e  s h o w n  i n  F i g .  
3 2 .  T w o  p r o t o n  s h i f t s  a r e  o b s e r v e d  i n  t h e  e x p e c t e d  1 : 1 2  r a t i o .  O n e  
i s  a d o u b l e t  f o r  t h e  P - H  p r o t o n  a t  5 . 8  p p m ,  ^ J p ^  = 2 5 3  H z .  A s e c o n d
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F i g ,  3 0 .  C o m p a r i s o n  o f  a u t h e n t i c  A ;  M e 2 NH f r o m
( M e 2 N ) 2 ^ H , B ;  a n d  a u t h e n t i c  M e 2 N H ,  C .
+ * * #  I ■*•
I j  II i I I I  l i t  I I I I  h  m i l l  I I I I I  n  I
110 100 9 0  80 
P P M
F 1g• 31, NMR spectra of (Me2 N) 2 PH.
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C o m p a r i s o n  o f  
a n d
T a b l e  2 2
3 1 P NMR S h i f t s  o f  
( R 2 N ) 2 PH S p e c i e s .
( R 2 N ) 2 P C 1
R 6 . P - C 1 6 , P - H A <5P
Me 1 6 0 95 65
E t  1 5 4 7 6 . 3 7 7 . 7
i - P r  1 6 6 . 6 4 2 . 1 1 2 4 . 5
T a b l e  23
C o m p a r i s o n  o f  NMR D a t a  f o r B i s -
( d i a l k y l a m i n o ) p h o s p h i n e s •
C o m p o u n d 3 1 P N M R ( p p m ) J p u ( H z ) * H  N M R ( p p m )
( M e 2 N ) 2 PH 95 2 5 0 5 . 8
( E t 2 N ) 2 PH 7 6 . 3 25 9 —
( i - P r 2 N ) 2 PH 4 2 . 1 2 5 4 5 . 8
c h 3 n c h 2 c h 2 n ( c h 3 ) p h 9 7 . 4 1 5 0 ----------
( C H 3 ) 3 C N C H 2 C H 2 N [ C ( C H 3 ) 3 ] P H ---------- ---- —
R N C H 2 C H 2 C H R ‘ N ( R ) P H ---- ---- —
R = t - b u t y l ,  R ' =H 4 9 . 6 2 1 4 5 . 7
R = t - b u t y l ,  R ' = M e 1 2 . 7 2 2 9 6 . 0
R = M e  R ' = M e 8 2 . 2 1 9 2 ----
( 8 1 %  A i s o m e r )
R = M e ,  R ' =Me 4 7 . 3 2 0 2 . 5 ----
( 1 9 %  B i s o m e r )
( R e p r i n t e d  b y  p e r m i m s s i o n  f r o m  I n o r g .  C h e m .  1 9 8 5 ,  2 4 ,  1 4 6 0 .  
C o p y r i g h t  b y  t h e  A m e r i c a n  C h e m i c a l  S o c i e t y . )
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C H  
1
ppm
F i g .  3 2 .  * H  NMR s p e c t r u m  o f  ( M e 2 N ) •
s h i f t  a t  2 . 8  ppm i s  a s s i g n e d  t o  t h e  C H 3  p r o t o n s  w h i c h  a r e  s p l i t  by 
l o n g  r a n g e  P - H  c o u p l i n g  o f  8  H z .  T h e  P - H  c o u p l i n g  c o n s t a n t s  w e r e  
a c c u r a t e l y  o b t a i n e d  by  e x p a n s i o n  o f  t h e  s p e c t r u m  a s  shown i n  F i g .  33 
a n d  F i g .  3 4 .  T h e  P - H  p r o t o n  s h i f t  c o m p a r e s  w e l l  w i t h  t h o s e  k n o wn  f o r  
o t h e r  b i s ( d i a l k y l a m i n o ) p h o s p h i n e  s p e c i e s  a s  s hown on T a b l e  2 3 .  T h e  
C H 3  p r o t o n  s h i f t  i s  s l i g h t l y  d o w n f i e l d ,  d e s h i e l d e d ,  f r o m  t h a t  o f  
( M e 2 N ) 2 P F ,  2 . 4 2  p p m ,  o r  t h a t  o f  M e 2 N P F 2 ,  2 . 3 8  p p m . 1 4 6  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  M e 2 N P F 2 ,  w h i c h  h a s  t h e  m o s t  e l e c t r o n e g a t i v e  
s u b s t i t u e n t s  on p h o s p h o r u s ,  h a s  t h e  m o s t  u p f i e l d  o r  s h i e l d e d  m e t h y l  
p r o t o n  NMR s h i f t  o f  t h e  t h r e e  s p e c i e s .  T h e  o p p o s i t e  t r e n d  w o u l d  be 
e x p e c t e d  by  c o m m o n l y  u s e d  s i m p l i s t i c  m o d e l s .
P r e p a r a t i o n  o f  C H ^ N C H p C H p t C H ^ l N P H
T h e  new c y c l i c  p h o s p h i n e ,  C H 3 N C H 2 C H 2 ( C H 3 ) N P H ,  was  p r e p a r e d  by 
t h e  1 : 1  r e a c t i o n  o f  C H ^ N C H ^ C H ^ t C H ^ ) N P F  w i t h  L - S e l e c t r i d e  a t  - 2 3 ° C .
f H
' s
H? c - Q l
/ P F L i H B R
CH
C H ,
„ o  H , C —
2 | > H
H 2 c ~ r
C H 3
T H F
L i  F BR 3 * ( 4 1 )
T h e  r e a c t i o n ,  a s  m o n i t o r e d  b y  3 1 P N M R ,  i s  q u i t e  r a p i d  a n d  c l e a n .  
A f t e r  1 h o u r  a t  - 2 3 ° C ,  a 91% y i e l d  o f  C H 3 N C H 2 C H 2 ( C H 3 ) N P H  was  
o b s e r v e d .  No o t h e r  p r o d u c t s  w e r e  s e e n .
F 1 g .  3 3 .  P - H  p r o t o n  r e g i o n  o f  t h e  * H  NMR s p e c t r u m  o f  ( M e 2 N ) 2 PH 
e x p a n d e d .
UD
120
p  i i i ) m  i T ) r r ? r'| f m  r p  r i » | m  n  ']' n  n i i n ' i ) ' r T T r r r ' m i  
8 4 0  8 2 0  B O O  7 0 0  7 6 0  H Z
F i g .  3 4 .  M e t h y l  p r o t o n  r e g i o n  o f  t h e  * H  NMR s p e c t r u m  o f  ( M e 2 N 
e x p a n d e d .
C h a r a c t e r i z a t i o n  o f  C H ^ N C H ^ C H ^ C H ^ N P H
C H 3 f t c H 2 C H 2 ( C H 3 )NI^H w a s  c h a r a c t e r i z e d  b y  a n a l o g y  t o  ( M e 2 N ) 2 P H .
T h e  m e t h o d  o f  p r e p a r a t i o n  u s e d  a n d  t h e  c l e a n  NMR d a t a  o b t a i n e d  l e a v e  
n o  q u e s t i o n  a s  t o  t h e  i d e n t i t y  o f  t h e  p r o d u c t .
O 1
J X P NMR d a t a .  T h e  r e a c t i o n  o f  t h e  c y c l i c  f l u o r o p h o s p h i n e  a n d  L -  
s e l e c t r i d e  w a s  m o n i t o r e d  b y  3 1 P N M R .  A s  t h e  r e a c t i o n  p r o g r e s s e d ,  t h e  
d i s a p p e a r a n c e  o f  t h e  C H 3 N C H 2 C H 2 ( C H 3 ) N P F  d o u b l e t  ( 6  = 1 3 8  p p m ,  J p p  = 
1 0 4 7  H z )  a n d  t h e  g r o w t h  o f  a new u p f i e l d  d o u b l e t  a t  6 = 9 7 . 4  ppm w i t h  
a s m a l l e r  c o u p l i n g  c o n s t a n t  o f  1 5 0  H z  w a s  o b s e r v e d .  T h i s  new d o u b l e t  
i s  c a u s e d  b y  P - H  c o u p l i n g  a s  v e r i f i e d  by  t h e  p r o t o n  d e c o u p l e d  3 1 P NMR 
s p e c t r u m .  S e e  F i g .  3 5 .
B i  s ( d i a l k y l  a mi  n o ) p h o s p h i n e  A d d u c t s  
o f  N i c k e l  T r i c a r b o n y l
P r e p a r a t i o n  o f  ( C O ) ^ N i [ ( M e p N ) ^ P H ]
I n  a m a n n e r  a n a l o g o u s  t o  t h e  p r e p a r a t i o n s  o f  ( M e 2 N ) 2 PH a n d  
C H 3 N C H 2 C H 2 ( C H 3 ) N P H  a new n i c k e l  c o o r d i n a t e d  P - H  c o m p o u n d  wa s  f o r m e d  
b y  t h e  r e a c t i o n  o f  ( C 0 ) 3 N i [ ( M e 2 N ) 2 P F ]  a n d  L - S e l e c t r i d e .
( C 0 ) 3 N i [ ( M e 2 N ) 2 P F ]  + L i H B R 3  + ( C O ) 3 N i [ ( Me 2  N ) 2 P H ]  +  L i F  + B R 3 .  ( 4 2 )
T h i s  r e a c t i o n  w a s  s l o w e r  t h a n  t h e  c o m p a r a b l e  r e d u c t i o n  o f  t h e  f r e e  
l i g a n d  ( 6 0 %  r e a c t i o n  a f t e r  1 0  h o u r s ) ,  a n d  i t  i s  m o r e  c o m p l i c a t e d .
B o t h  t h e  r e a c t a n t  a n d  t h e  p r o d u c t  d i s p r o p o r t i o n a t e  i n t o  t h e i r  d i -  a n d  
t r i - s u b s t i t u t e d  n i c k e l  c o m p l e x e s  on s t a n d i n g  a t  - 2 3 ° C .  T h i s  




i 1 H I
ch n^ch2ch2n(ch^ )pf
1 3 8 ppm J p f = 1 0 4 7 H z
I .A »•
CH3NCH2CH2N( CH3)PH 
9 7 . 4 p p m  J pH=150Hz
F i g .  3 5 .  3 1 P NMR s p e c t r a  o f  C H 3 N C H 2 C H 2 C C H 3 ) N P H .
( C O ) 3 N i [ M e 2 N )  ^ p r o d u c t .  T h e  a d d i t i o n  o f  CO p r e s s u r e  t o  t h e  s y s t e m  
m i n i m i z e s  t h e  d i s p r o p o r t i o n a t i o n  o f  t h e  p r o d u c t  p h o s p h i n e  a n d  h e n c e  
i n c r e a s e s  t h e  y i e l d .  T h i s  r e s u l t  c a n  be r a t i o n a l i z e d  b y  t h e  f a c t  
t h a t  n u m e r o u s  l i g a n d  e x c h a n g e  r e a c t i o n s  o f  t e t r a c o o r d i n a t e d  n i c k e l  
c o m p l e x e s  h a v e  b e e n  s h o w n  t o  be i n i t i a t e d  by  a f i r s t  o r d e r
d i s s o c i a t i v e  p r o c e s s . 9 3 ,  1 0 0 , 1 1 6 - 1 2 0  L o s s  a 1 i g a n d  p r o d u c e s  a
1h i g h l y  r e a c t i v e ,  1 6  e l e c t r o n  i n t e r m e d i a t e .
N i L 4  *  N i L 3  + L
L  = C O ,  p h o s p h o r u s  l i g a n d s .  ( 4 3 )
I n  t h e  c a s e  o f  t h o s e  m i x e d  c a r b o n y l  p h o s p h i n e  c o m p l e x e s ,  t h e  1 6 
e l e c t r o n  i n t e r m e d i a t e  c a n  r e a c t  w i t h  m o r e  p h o s p h i n e  c a u s i n g  
c o n t a m i n a t i o n  o f  t h e  d e s i r e d  m o n o s u b s t i t u t e d  p r o d u c t .
2 N i  ( C O ) 3 L  -*• N i ( C 0 ) 2 L 2  + N i  ( C O ) 4  ( 4 4 )
3 N i ( C 0 ) 2 L 2  -*• 2 N i ( C 0 ) l 3  + N i ( C 0 ) 4 .  ( 4 5 )
An i n c r e a s e  i n  CO p r e s s u r e  i n c r e a s e s  t h e  p r o b a b i l i t y  t h a t  CO w i l l  be 
i n c o r p o r a t e d  b a c k  i n t o  t h e  s y s t e m ,  a l l o w i n g  a n  i n c r e a s e d  y i e l d  o f  
m o n o p h o s p h i n e  s u b s t i t u t e d  n i c k e l  c a r b o n y l  c o m p l e x .
XS CO
N i ( C 0 ) 2 L 2  I  N i  ( C 0 ) 2 L  + L -------------- > N i ( C 0 ) 3 L .  ( 4 6 1
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A  73% y i e l d  o f  ( C 0 ) 3 N i [ ( M e 2 N ) 2 P H ]  w a s  o b s e r v e d  b y  3 1 P NMR a f t e r
t r e a t m e n t  o f  t h e  r e a c t i o n  m i x t u r e  w i t h  C O .
T h e  r e a c t i o n  s o l u t i o n  wa s  a r e d - b r o w n  c o l o r .
C h a r a c t e r i z a t i o n  o f  ( C O ) ^ N i C ( M e ? N ) o P H U
3 1 P NMR d a t a .  I n i t i a l l y  a c l e a n  r e a c t i o n  o f  ( C O } 3  N i [ ( M e 2 N ) 2 P F ]  
w i t h  L - S e l e c t r i d e  w a s  o b s e r v e d .  T h e  3 1 P NMR s p e c t r a  s h o w e d  a P - H  
d o u b l e t ,  w i t h  a c h e m i c a l  s h i f t  v a l u e  o f  1 1 2 . 6  ppm a n d  a J pH = 380 
H z .  F i g .  36 s h o w s  t h e  3 1 P s p e c t r a  a f t e r  1 h o u r  a t  - 2 3 ° C .  T h e  new 
p r o d u c t  h a s  no  P - F  c o u p l i n g ,  a n d  t h e  ^ P  s i g n a l  i s  s h i f t e d  u p f i e l d  
f r o m  ( C 0 ) 3 N i [ ( M e 2 N ) 2 P F ] .  I t  a l s o  h a s  a l a r g e r  P - H  c o u p l i n g  c o n s t a n t  
t h a n  t h e  f r e e  l i g a n d  ( M e 2 N ) 2 P H ,  ( 3 8 0  H z  v s  2 5 0  H z ) .  T h e s e  d a t a  a r e  
c o n c l u s i v e  e v i d e n c e  t h a t  a n i c k e l  c o o r d i n a t e d  P - H  c o m p l e x  wa s  
f o r m e d .  T h e  c l e a n  i n i t i a l  r e a c t i o n  s u p p o r t s  t h e  c o n c l u s i o n  t h a t  t h e  
p r o d u c t  i s  ( C 0 ) 3 N i [ ( M e 2 N ) 2 P H ] .
3 1 P NMR s p e c t r a  s h o w i n g  t h e  g r o w t h  o f  d i s p r o p o r t i o n a t i o n  s i d e  
p r o d u c t s  a n d  t h e  s u b s e q u e n t  q u e n c h i n g  o f  t h e  d i s p r o p o r t i o n a t i o n  a r e  
s h o w n  i n  F i g .  3 7  a n d  F i g .  3 8 .  T h e  i d e n t i t y  o f  ( C 0 ) 2 N i [ ( M e 2 N ) 2 P F ] 2  i s  
v e r i f i e d  b y  c o m p a r i s o n  w i t h  l i t e r a t u r e  v a l u e s  ( 5  = 1 8 1 ,  J p p  =
1 0 3 9 ) . 55 T h e  p e a k s  a t t r i b u t e d  t o  ( C O ) 2 N i [ ( M e 2 N ) 2 P H ] 2  a n d  
( C 0 ) N i [ ( M e 2 N ) 2 P H ]  a r e  t e n t a t i v e l y  a s s i g n e d  b y  c o m p a r i s o n  w i t h  t h e  
k n o w n  s p e c t r a  o f  N i ( C 0 ) 4 _ n L n c o m p l e x e s .  A l t h o u g h  t h e  3 1 P NMR
eg gc
c h e m i c a l  s h i f t s  o f t e n  a r e  v e r y  s i m i l a r  f o r  m e m b e r s  i n  a s e r i e s ,  • J  
w h e n  t h e r e  i s  a m e a s u r a b l e  d i f f e r e n c e  s u c h  a s  i n  t h e  c a s e  o f  L  =
P C I 3 ,  t h e  c h e m i c a l  s h i f t  m o v e s  u p f i e l d  w i t h  i n c r e a s i n g  s u b s t i t u t i o n  
o n  N i  ( C O ) 4  b y  L .  C N i  <C O ) 4 _ n ( PC 1 3 ) n ;  n = 1 - 4 ,  5 = 1 8 5  p p m ,  1 8 1  p p m ,
1 4Q
1 7 7  p p m ,  1 7 0  p p m ,  r e s p e c t i v e l y ] .
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I ' H ?
V' i V- A
(CO)3Ni[(ME2N)2Pr]
5 4 - ?
(C0)3 Ni[(ME2N)2PH]
3 5 £
F 1 g .  3 6 .  3 1 P NMR s p e c t r a  o f  t h e  r e a c t i o n  o f  L - S e l e c t r 1 d e  a n d  
( C O ) 3 N i [ ( M e 2 N ) 2 pj r ]  a f t e r  o n e  h o u r  a t  - 2 3 ° C .
126
C'
C o m p o u n d  I d e n t i t y
A .  ( C O ) 3 N i [ ( M e 2 N ) 2 P F ]
B .  ( C 0 ) 2 N i [ ( M e 2 N ) 2 P F ] 2
% T o t a l
1 3 %
12%
£  p p m  ^ p f »  Hz  ^ p h ’ Hz
1 7 8
1 8 3
1 0 6 0
1 0 4 5
A 1 . ( C 0 ) 3 N i [ ( M e 2 N ) 2 P H ]  
B ’ . " ( C 0 ) 2 N i [ ( M e 2 N ) 2 P H ] 2 










F i g .  3 7 ,  n m r  s p e c t r u m  o f  t h e  r e a c t i o n  o f  L - S e l e c t r l d e  a n d
( C O ) 3 N I [ ( M e 2 N ) 2 P ^ ]  8 °  h o u r s  a t  - 2 3 #C .
3 1 P NMR
PhI
F 1 g .  3 8 .  3 1 P NMR s p e c t r a  o f  t h e  r e a c t i o n  o f  L - S e l e c t r l d e  a n d  
( C O ) 3 N i [ ( M e 2 N ) 2 p , r ] a ^ t e r  a d d i t i o n  o f  CO p r e s s u r e . ro
"sj
P r e p a r a t i o n  o f  ( C O ) ^ N i [ C H ^ N C H o C H o ( C H 3 ) N P H ]
T h e  new c y c l i c  m o n o s u b s t i t u t e d  n i c k e l  p h o s p h i n e  c o m p l e x  i s  
p r e p a r e d  i n  a n  a n a l o g o u s  m a n n e r .  U n l i k e  t h e  p r e p a r a t i o n  o f  
( C O ) 3 N i [ ( M e 2 N ) ] »  t h 1 s  r e a c t i o n  i s  c l e a n  a n d  s h o w s  no d i s p r o p o r -  
t i o n a t i o n  on s t a n d i n g  a t  - 2 3 ° C .  I t  wa s  n o t  n e c e s s a r y  t o  a d d  a n y  CO 
p r e s s u r e  t o  t h i s  s y s t e m .  A 49% y i e l d  wa s  s e e n  s p e c t r o s c o p i c a l l y  
a f t e r  4 h o u r s  a t  - 2 3 ° C ;  t h e  y i e l d  i n c r e a s e d  t o  7 1 %  a f t e r  22 h o u r s  a t  
- 2 3 ° C .  T h e  r e a c t i o n  s o l u t i o n  i s  a d a r k  y e l l o w  c o l o r .
C h a r a c t e r i z a t i o n  o f  ( C O )  ^ N i [ C H ^ H q C H M C H ^ )  N P H ]
NMR d a t a .  A g a i n  t h e  3 1 P NMR s p e c t r a  s how t h a t  t h e  r e a c t i o n  
p r o d u c t  i s  a P - H  d o u b l e t ,  <5 = 1 1 8 . 5 ,  = 2 8 0  H z .  S e e  F i g .  3 9 .  By 
c o m p a r i s o n  w i t h  o u r  d a t a  f o r  ( f ^ N ^ P H ,  ( C O ) 3 N i [ ( M e 2 N ) 2 p ^ 3 a n d  
C H ^ N C H ^ D ^ ( C H 3 ) N ^ H ,  t h i s  new c o m p o u n d  wa s  i d e n t i f i e d  a s  
( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N ^ H ] .  T a b l e  24 s h o w s  a c o m p a r i s o n  o f  t h e  
r e s u l t s  f r o m  t h i s  w o r k  a l o n g  w i t h  v a l u e s  f o r  ( M e 2 N ) 2 P F  a n d
CH 3 n c h 2 c h 2 ( c h 3 ) n {> f  .
F o r m a t i o n  o f  a New C a t i o n i c  S p e c i e s  
( C O M i [ C H 2 N C H 2 C H 2 ( C H ; ) N t > ] +
P r e p a r a t i o n  o f  t h e  C a t i o n
Wh e n  t h e  r e a c t i o n  m i x t u r e  f r o m  t h e  p r e v i o u s l y  d e s c r i b e d  
p r e p a r a t i o n  o f  ( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H ]  ( s e e  r x .  4 7 )
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( C 0 ) 3 N 1 [ C H 3 N C H 2 C H 2 ( C H 3 ) N f > F ]  + L i B R 3  -------»
B R 3  + L i F  + ( C 0 ) 3 N 1 [ C H 3 ftCH2 C H 2 ( C H 3 ) N P H ]




r~^ 4m % > »k * #  % *  ^  ^ I 1 h !
|ri . . ^ i ^ ^ ^ K j ^ w t ^ J ' V  i
(COhNi C H 3 N C H 2 C H 2 N ( C H 3 ) f i F
161,5 ppm JPF= 1100 Hz
(C0)3N i CH3NCH2CH2N(CH3)PH
118,5 p p m  JpH= 280 Hz
F i g .  3 9 .  3 1 P NMR s p e c t r a  o f  t h e  r e a c t i o n  o f  L - S e l e c t r i d e  w i t h  
( C 0 ) 3 N i [ C H 3 lllCH2 C H 2 ( C H 3 ) N t > F ]  a f t e r  22 h o u r s  a t  - 2 3 ’ C .
w a s  a l l o w e d  t o  s i t  a t  - 1 9 ° C  f o r  1 2  d a y s ,  t h e  c o l o r  d a r k e n e d  t o  a r e d -
31b r o w n ,  a n d  t h e  P NMR s p e c t r u m  i n d i c a t e d  t h a t  a new p h o s p h o r u s  
c o n t a i n i n g  s p e c i e s  w a s  f o r m e d .  T h e  NMR s h i f t  w a s  c o n s i s t e n t  f o r  t h e  
f o r m a t i o n  o f  a c a t i o n ,  ( C O ^ N i C C ^ N ^ C ^ C ^ l N P ] * .
C h a r a c t e r i z a t i o n  o f  t h e  C a t i o n
3 1 P NMR d a t a .  A s  s e e n  i n  F i g .  4 0 ,  t h e  3 1 P NMR s p e c t r a  o f  t h e  
s o l u t i o n  s h o w  t h a t  i n  a d d i t i o n  t o  t h e  p r e v i o u s l y  p r e p a r e d  P - H  
c o m p o u n d ,  a n e w s i g n a l  i s  s e e n  d o w n f i e l d  f r o m  t h e  P - H  c o m p l e x  a t  2 7 3  
p p m .  D o w n f i e l d  s i g n a l s  s u c h  a s  t h a t  s e e n  i n  t h e  f i g u r e  a r e  
c h a r a c t e r i s t i c  o f  t h e  s t r o n g l y  d e s h i e l d e d  p h o s p h o r u s  c e n t e r  o f  a 
c a t i o n i c  s p e c i e s .  T a b l e  25 s h o w s  l i t e r a t u r e  v a l u e s  f o r  o t h e r  
c a t i o n i c  s p e c i e s .  3 1 P NMR g a v e  no e v i d e n c e  f o r  a n y  r e m a i n i n g  
f 1 u o r o p h o s p h i n e .  F o r m a t i o n  o f  t h e  c a t i o n  a p p a r e n t l y  d r i v e s  t h e  P - F  
r e d u c t i o n  r e a c t i o n  t o  c o m p l e t i o n .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  e v i d e n c e  f o r  a n  e q u i l i b r i u m
s i t u a t i o n  b e t w e e n  t h e  c a t i o n  a n d  t h e  P - H  s p e c i e s  i s  o b s e r v e d .
R 3 B + ( C 0 ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H ]
( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N t >]  + HBRj. (48)
When t h e  r e d - b r o w n  s o l u t i o n  i s  c o o l e d  t o  - 8 0 ° ,  t h e  i n t e n s i t y  o f  t h e  
P - H  p r o d u c t  i n c r e a s e s .  Whe n t h e  t e m p e r a t u r e  i s  r a i s e d  t o  - 2 3 ° C ,  t h e  
t w o  s p e c i e s  s p e c i e s  a p p e a r  i n  a p p r o x i m a t e l y  e q u a l  i n t e n s i t y .  S e e  
F i g .  4 1 .
I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  3 1 P NMR s h i f t  o f  t h i s
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P - N i ( C 0 ) 3
3
F i g .  4 0 .  3 1 P NMR s p e c t r a  a t  - 2 3 ° C  s h o w i n g  t h e  c a t i o n i c  s p e c i e s  a n d  
t h e  P - H  c o m p l e x .
Table 24
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S u m m a r y  o f  3 1 p NMR D a t a .
C o m p o u n d 6 ,  ppm J PH> H z J p p , H z
( M e 2  N ) 2 ^ H 95 2 5 0 X
c h 3 n c h 2 c h 2 ( c h 3 ) n p h 9 7 . 4 1 5 0 X
( C O ) 3 N i [ ( Me 2 N ) 2 P H ] 1 1 2 . 6 3 8 0 X
( C O  ) 3 N i [ C H 3 N C H 2 C H 2 ( c h j n ^ h ] 1 1 8 . 5 2 8 0 X
( M e 2 N ) 2 P F 1 4 6 1 5 3 X 1 0 4 6
C H 3 N C H 2 C H 2 ( C H 3 ) N I ^ F 1 3 4 1 3 8 X 1 0 4 7
T a b l e  25
Some R e p o r t e d  3 * P  C a t i o n  !S h i f t s •
C a t i o n 6 , ppm R e f e r e n c e
( M e 2 N ) 2 P + 2 6 4 1 3 5
( E t 2 N ) 2 P + 1 6 3 1 3 8
c h 3 n c h 2 c h 2 ( c h 3 )1 i p + 2 6 4 1 3 4
( C 0 ) 4 F e [ ( M e 2 N ) 2 P ] + 3 1 1 1 4 3
( C 0 ) 4 F e [ ( E t 2 N ) 2 P ] + 3 0 7 . 6 1 3 8
( C O ) / , F e [ C H o N C H o C H 9 ( C H , ) N h  + 300 1 4 3
-23 C
-80°C
~1~ ---- ^  ~i^ r y  -^1 1 n ^ii i " i " fc —r ~ \  -r-fci- i-> —i > * i —i -> I ~ •  > n  i ' >*> > i > «» i~^ ~r»w t  > ~ r ■ >n— ^  ■ ■ ■ > r  ^  ~Ki » i n
- > + *
F 1 g .  4 1 .  E v i d e n c e  f o r  t h e r m a l  e q u i l i b r i u m  b e t w e e n
( C 0 ) 3 N 1 [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H ]  a n d  
( C 0 ) 3 N 1 C C H 3 N C H 2 C H 2 ( C H 3 ) n p ] + .
s p e c i e s  i s  s l i g h t l y  t e m p e r a t u r e  d e p e n d e n t ;  2 7 4  ppm a t  a m b i e n t  
t e m p e r a t u r e ,  2 7 3  ppm a t  - 2 3 ° C ,  a n d  2 7 2  ppm a t  - 8 0 ° C .
F  NMR d a t a .  ^ F  NMR s p e c t r o s c o p y  a l s o  g a v e  no e v i d e n c e  o f  a n y  
P - F  c o m p o u n d s  r e m a i n i n g  i n  s o l u t i o n  w h i c h  v e r i f i e s  t h a t  a l l  o f  t h e  
( C O  ) 3 N i  [ C H ^ l t a b ^ C ^ ( C H ^ ) N ^ F ]  w a s  c o n s u m e d .
NMR d a t a .  T h e  ^ B  NMR d a t a  o b t a i n e d  a r e  o f  i n t e r e s t .  T h e  
m a j o r  b o r o n  c o n t a i n i n g  s p e c i e s  i n  s o l u t i o n  wa s  t h a t  o f  L - S e l e c t r i d e  
a t  - 7 . 3  ppm v s  B F 3 * 0 E t 2 .  O n l y  a s l i g h t  a m o u n t  o f  B [ C H ( C H 3 ) C 2 H 5 ) 3  w a s  
o b s e r v e d  a t  - 2 3 ° C  a s  a v e r y  b r o a d  p e a k  i n  t h e  a r e a  o f  + 8 4  p p m .  A t  
- 8 0 ° C  no  B [ C H ( C H 3 ) C 2 H ^ ] 3  s i g n a l  wa s  s e e n .
T h e  d i s a p p e a r a n c e  o f  t h e  B R 3  s i g n a l  a t  - 8 0 ° C  s u g g e s t s  t h a t  a t  
l o w e r  t e m p e r a t u r e s  a [ R 3 3 — H — B R 3 ] "  s p e c i e s  i s  s t a b i l i z e d .  S p e c i e s  
o f  t h i s  t y p e  h a v e  b e e n  s u g g e s t e d  p r e v i o u s l y  i n  t h e  l i t e r a t u r e . 1 5 0  I f  
t h i s  s p e c i e s  w e r e  t o  f o r m  i t  w o u l d  e f f e c t i v e l y  r e d u c e  t h e  a m o u n t  o f  
f r e e  B R 3  i n  s o l u t i o n .
R 3 B + H B R 3 “  ------- > [ r 3 B—  H — B R 3 r .  ( 4 9 )
T h i s  c o u l d  e x p l a i n  t h e  d e c r e a s e  i n  t h e  a m o u n t  o f  t h e  p h o s p h o r u s  
c a t i o n i c  s p e c i e s  i n  s o l u t i o n  a t  - 8 0 ° C ,  s i n c e  t h e  c a t i o n  i s  f o r m e d  
f r o m  a h y d r i d e  t r a n s f e r  f r o m  ( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N ^ H ]  t o  B R 3  a s  
s h o w n  i n  e q u a t i o n  4 8 .
T h e  f o r m a t i o n  o f  t h i s  c a t i o n  f r o m  ( C O ) 3 N i [ C H 3 NCIH2 C H 2 ^ C H 3 ) N P H ]  i s  
i n t e r e s t i n g  b e c a u s e  t h e  P - H  s p e c i e s  i s  a c t i n g  l i k e  a r e d u c i n g  a g e n t  
o n  B R 3 .  N e u t r a l  r e d u c i n g  a g e n t s  a r e  r a t h e r  r a r e ,  e s p e c i a l l y  o n e s  
t h a t  a r e  c o m p a r a b l e  i n  s t r e n g t h  t o  t h e  S e l e c t r i d e .  T h e  f o r m a t i o n  o f
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t h i s  c a t i o n  1 s n o t  s u r p r i s i n g  1 n t h a t  c a t i o n s  o f  t h i s  t y p e  a r e  o f t e n  
s t a b l e  s p e c i e s  a n d  m e t a l  c o o r d i n a t i o n  u s u a l l y  I n c r e a s e s  t h e i r  
s t a b i l i t y .
R e a c t i o n  o f  ( C O )  ■ j N l E C H ^ N C H o C H M C H , )  N ^ F ]  w i t h  P F q  T h e  p r e v i o u s  
c h a r a c t e r i z a t i o n  o f  t h e  c a t i o n  a s  ( C O ) 3 N 1 C C H j N C l T ^ C i T ^ ^ H ^ T N P l ^  w a s  
v e r i f i e d  b y  I n d e p e n d e n t  e x p e r i m e n t s  1 n  o u r  l a b o r a t o r y  b y  D . - X .
J i a n g .  T h e  1 : 1  r e a c t i o n  o f  ( C O i j N i C C H j N C H ^ C H ^ T c H ^ T ^ F ]  w i t h  P F 5  1 n  
C H 2 C I 2  a t  - 4 0 ° C  o r  a t  a m b i e n t  t e m p e r a t u r e  c l e a r l y  p r o d u c e s  P F g ”  a n d  a 
3 1 P s i n g l e t  a t  2 7 6  ppm a s  o b s e r v e d  b y  3 1 p  NMR a s  t h e  c l e a r  s o l u t i o n
t u r n s  y e l l o w .
,________________ C H ? C 1 ?
( C 0 ) 3 N 1 [ C H , N C H 2 C H 2 ( C H 3 ) N l > F ]  +  p f 5  — — L ,
[ ( C 0 ) 3 N 1 [ C H 3 N C H 2 C H 2 ( C H 3 ) N h + + P F g " .  ( 5 0 )
N o t i c e  t h a t  t h i s  c h e m i c a l  s h i f t  v a l u e  o f  2 7 6  ppm 1 n C H 2 C 1 2  1 s 
s o m e w h a t  h i g h e r  t h a n  t h a t  o b s e r v e d  p r e v i o u s l y  ( 2 7 4 - 2 7 2  ppm)  1 n  T H F .
A  s o l v e n t  I n t e r a c t i o n  s h i f t  I n  t h e  c o o r d i n a t i n g  T H F  I s  n o t  
u n e x p e c t e d .
R e a c t i o n  o f  ( C 0 ) 3 N 1 [ C H 3 N C H o C H o ( C H ^ ) N P H  a n d  ( C g H ^ ) ^ C P F ^  .  T h e  
r e a c t i o n  o f  ( C O ) 3 N 1 [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H ]  a n d  ( C 6 H 6 ) 3 C + P F g "  w a s  
m o n i t o r e d  b y  3 1 P NMR t o  s e e  1 f  t h e  ( C 0 ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N P ] + P F 6  
s p e c i e s  c o u l d  b e  o b t a i n e d .
____________ _____ ^
( C 0 ) 3 N 1 [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H  + ( c 6 h 6 ) 3 c + p f 6 -  ---------
CH 2 ^ 1 2
( C 0 ) 3 N 1 [ C H 3 N C H 2 C H 2 ( C H 3 ) N P ] + P F 6 _ +  ( C 6 H 6 ) 3 C H .  ( 5 1
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T h e  s o l u t i o n  d a r k e n e d  f r o m  y e l l o w  t o  a v e r y  d a r k  r e d  c o l o r  a s  t h e  
( ^ 6 ^ 6 ) 3 ^  p ^ 6  d i s s o l v e d  i n  t h e  C H 2 C 1 2  s o l u t i o n  a t  - 8 0 ° C .  No e v i d e n c e  
f o r  t h e  ( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) s p e c i e s  w a s  o b t a i n e d  b y  3 1 P 
N M R .  A t  - 8 0 ° ,  t h e r e  a p p e a r e d  t o  be a s l i g h t  a m o u n t  o f  F "  t r a n s f e r  
f r o m  P F 6 "  t o  t h e  n i c k e l  s p e c i e s  b e c a u s e  t h e  s i g n a l  f o r  
( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N ^ F ]  w a s  o b s e r v e d .  O t h e r  u n i d e n t i f i e d  3 1 P 
s i g n a l s  a r e  a l s o  p r e s e n t .  On  f u r t h e r  w a r m i n g  t o  - 6 0 ° C ,  a n d  t h e n  t o
- 2 3 ° C  t h e  P - H  s t a r t i n g  m a t e r i a l  d i s a p p e a r s  c o m p l e t e l y  l e a v i n g  
j1....— ■ .1 ■ . |
( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N P F ]  a s  t h e  m a j o r  p r o d u c t .  T h e  s a m p l e  was 
v e r y  d a r k  b r o w n ,  a n d  e x t e n s i v e  d e c o m p o s i t i o n  a p p a r e n t l y  o c c u r r e d .
D i  s c u s s i o n
T h e  r e s u l t s  p r e s e n t e d  i n  t h i s  c h a p t e r  d e s c r i b e  a c o n v e n i e n t
r o u t e  f o r  t h e  p r e p a r a t i o n  o f  ( M e 2 N ) 2 P H ,  C H 3 ^ H 2 C H 2 ( C H 3 T n P H ,
( C 0 ) 3 N i [ ( M e 2 N ) 2 P H ]  a n d  ( C O ) 3 N i [ C H 3 N C H 2 C H 2 C H 3 ) N P H ] .  T h e  w o r k  o f  K i n g
a n d  c o w o r k e r s  h a s  s h o w n  c o n c l u s i v e l y  t h a t  s t e r i c  f a c t o r s  a r e  o f
i m p o r t a n c e  i n  t h e  r e d u c t i o n  o f  ( R 2 N ) 2 PC1  s p e c i e s .  R e s u l t s  f r o m  o u r
s t u d y  s h o w  c l e a r l y  t h a t  s t e r i c  i n h i b i t i o n  o f  s i d e  r e a c t i o n s  c a n  a l s o
b e  a c h i e v e d  b y  u s i n g  a s t e r i c a l l y  h i n d e r e d  h y d r i d e  s o u r c e  s u c h  a s  a
L - S e l e c t r i d e .  T h e s e  r e s u l t s  a r e  n o t  s u r p r i s i n g  i n  l i g h t  o f  t h e  f a c t
t h a t  h i n d e r e d  H B R 3 ”  s p e c i e s  h a v e  b e e n  s u c c e s s f u l l y  e m p l o y e d  t o  i n d u c e
s t e r i c  c o n t r o l  f o r  o r g a n i c  r e d u c t i o n s . 1 5 ^ 0  I n c r e a s i n g  t h e  s i z e  o f
t h e  a l k y l  g r o u p  o n  B R 3  s p e c i e s  h a s  a l s o  b e e n  s h o wn  t o  c a u s e  r e a c t i o n
l s 1r a t e s  t o  d e c r e a s e .
T h e  S e l e c t r i d e s  h a v e  a n u m b e r  o f  a d v a n t a g e s  i n  t h e  s y n t h e s i s  o f  
t h e s e  ( R 2 N ) 2 PH c o m p o u n d s :  L - S e l e c t r i d e  i s  a m o d e r a t e  r e d u c i n g  a g e n t ,  
i t  d o e s  n o t  c o n t a i n  g r o u p s  s u c h  a s  - 0 C ( C H 3 ) 3  w h i c h  c a n  t h e m s e l v e s
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a t t a c k  t h e  P - X  b o n d ,  a n d  i t  r e l e a s e s  a c o m p a r a t i v e l y  w e a k  L e w i s  a c i d  
( B R 3  < B H 3 ) ,  w h i c h  s h o w s  n o  t e n d e n c y  t o  c o m p l e x  t o  t h e  d e s i r e d  
a m i n o p h o s p h i n e  p r o d u c t .  L - S e l e c t r i d e  i s  a l s o  c o n v e n i e n t  t o  u s e ;  
s o l u b i l i t y  p r o b l e m s  a r e  m i n i m a l  e v e n  a t  l o w  t e m p e r a t u r e  a n d  s i m p l e  
s y r i n g e  t e c h n i q u e s  c a n  be a p p l i e d .
T h e  new c a t i o n ,  ( C O ^ N i L C ^ N C ^ C ^ t C ^ T N P ] * ,  wa s  p r e p a r e d  a n d  
c h a r a c t e r i z e d  b y  3 1 P N M R .
VI N V E S T I G A T I O N S  F O R  NEW S Y N T H E T I C  
R O U T E S  T O  D I F L U O R O P H O S P H I N E
L i t e r a t u r e  R o u t e s  t o  P F ? H  
P r o c e d u r e s  I n v o l v i n g  P F ? I  a n d  P F ? C 1
D e s c r i p t i o n  o f  P F ? I  p r o c e s s e s .  A s  wa s  a l l u d e d  t o  i n  t h e  f i r s t  
c h a p t e r  o f  t h i s  d i s s e r t a t i o n ,  t h e  c o m p o u n d  P F 2 H i s  a s y n t h e t i c a l l y  
d i f f i c u l t  s p e c i e s  t o  o b t a i n .  T w o  r o u t e s  i n v o l v i n g  P F 2 I h a v e  b e e n  
r e p o r t e d  i n  t h e  1 i t e r a t u r e . 8 , 9
P F 2 I + H I  + 2 H g  -------> P F 2 H + H g 2 1 2  ( 5 2 )
2 P F 2 I  +  P H 3  + 2 H g  -------> P F 2 H + H g 2 I 2  + i [ P H ] n .  ( 5 3 )
T h e s e  r e a c t i o n s  a r e  r e p o r t e d  t o  p r o d u c e  55% a n d  90% y i e l d s ,
r e s p e c t i v e l y ,  o f  P F 2 H .
L i m i t a t i o n s  o f  P F ? I  p r o c e s s e s .  T h e  m a j o r  l i m i t a t i o n  o f  t h e s e  
r e a c t i o n  s c h e m e s  i s  t h a t  P F 2 I i t s e l f  i s  a d i f f i c u l t  c o m p o u n d  t o  w o r k  
w i t h .  P F 2 1 r e a c t s  r a p i d l y  w i t h  m e r c u r y  v a p o r  f r o m  a t y p i c a l  
m a n o m e t e r  o r  m e r c u r y  d i f f u s i o n  p u m p .  R e d  s o l i d s  ( P ,  P I 3  o r  H g l 2 ) 
d e p o s i t  t h r o u g h o u t  t h e  v a c u u m  s y s t e m  i f  e x t r e m e  c a r e  i s  n o t  u s e d .
S i d e  r e a c t i o n s  i n v o l v i n g  t h e  s t a r t i n g  m a t e r i a l s  c a n  a l s o  be a
p r o b l e m .  P F 2 I v a p o r  i s  r e a s o n a b l y  s t a b l e  a t  r o o m  t e m p e r a t u r e  w h e n  a t  
v e r y  l o w  p r e s s u r e s ;  a t  p r e s s u r e s  a b o v e  2 8 0  t o r r  d i s p r o p o r t i o n a t i o n  o f  
P F 2 I b e g i n s  t o  o c c u r . 1 5 2
3 P F 2 1 -------»  2 P F 3  + P I 3 .  ( 5 4 )
F o r  t h i s  r e a s o n  P F 2 I i s  b e s t  p r e p a r e d  j u s t  p r i o r  t o  u s e ;  h o w e v e r ,  i t  
c a n  b e  s t o r e d  a t  - 1 9 6 ° C . 83
D e s c r i p t i o n  o f  P F ? C 1  p r o c e s s e s .  P F 2 C 1 i s  much l e s s  r e a c t i v e  
t o w a r d s  m e r c u r y  t h a n  P F 2 I a n d  i t  d o e s  n o t  d i s p r o p o r t i o n a t e  a s  
r e a d i l y .  T h e s e  f a c t o r s  a l l o w  P F 2 C 1 t o  be m o r e  e a s i l y  h a n d l e d  t h a n  
P F 2 I i n  a v a c u u m  s y s t e m . 8 3  A t  t h i s  t i m e  p r o c e d u r e s  d e s c r i b i n g  t h e  
u s e  o f  P F 2 C 1 a s  a p r e c u r s o r  f o r  P F 2 H h a v e  n o t  b e e n  r e p o r t e d ;  h o w e v e r ,  
B u r g  a n d  M a h l e r  r e p o r t e d  i n i t i a l  i n f o r m a t i o n  c o n c e r n i n g  a s i m i l a r  
s p e c i e s ,  ( C F 3 ) 2 P C 1 . 1 5 ^ T h e y  r e p o r t e d  t h a t  ( C F 3 ) 2 P I  was  r e d u c e d  t o  
( C F 3 ) 2 PH i n  a f a s h i o n  s i m i l a r  t o  t h a t  s h o w n  i n  r e a c t i o n  ( 5 2 )
( C F 3 ) 2 P I  + H I  + 2 H g  -------»  ( C F ^ P H  + H g 2 I 2# ( 5 5 )
On t h e  o t h e r  h a n d ,  ( C F 3 ) 2 PC1  w a s  _not  r e d u c e d  t o  ( C F 3 ) 2 PH by m e r c u r y  
a n d  H C 1 .  T h e s e  r e s u l t s  e m p h a s i z e d  t h e  d e c r e a s e d  l a b i l i t y  o f  t h e  P - C l  
b o n d  c o m p a r e d  t o  t h e  P ~ I  b o n d , 2 6  a n d  s u g g e s t e d  t h a t  a m o r e  p o w e r f u l  
r e d u c i n g  a g e n t  t h a n  H g / H I  o r  H g / P H 3  w o u l d  be r e q u i r e d  t o  r e d u c e
p f 2 c i .
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P r o c e d u r e s  I n v o l v i n g  P ? F A ,  H 7 P P F ?  a n d  P H v F c ; _ v
R u d o l p h  a n d  S c h i l l e r  h a v e  r e p o r t e d  t h a t  P F 2 H i s  p r o d u c e d  a s  a 
r e s u l t  o f  o t h e r  r e a c t i o n  s e q u e n c e s ,  b u t  n o n e  o f  t h e s e  p r e s e n t e d
o on
c o n v e n i e n t ,  h i g h  y i e l d  p r e p a r a t i o n s .  ’
1 4  h r , - 2 3 ° C
P H 3  + P 2 F 4  ---------------------> P F 2H + H 2 P P F 2  ( 5 6 )
- 7 8 ° C
H I  + P 2 F 4  -------------- > P F 2 H + P F 2 I ( 5 7 )
1 2  h r , 2 5 ° C
H 9 P P F ? --------------------- »  P F ? H + P F ^  + o t h e r .  ( 5 8 )
25% d e c o m p .  c 0
B o t h  P o F 4  a n d  H 2 P P F 2  r e q u i r e  P F 2 I a s  a s t a r t i n g  m a t e r i a l  a n d  so t h e s e  
s y n t h e s e s  r e q u i r e  t h e  same c a r e  a s  t h e  p r e s e n t  r o u t e s  t o  P F 2 H . 9 ’ ®^ 
B l a z e r  a n d  Wo r m s  a t t e m p t e d  u n s u c c e s s f u l l y  t o  p r e p a r e  P F 2 H f r o m  
t h e  t h e r m a l  d e c o m p o s i t i o n  o f  P H 2 F 3 .  I t  w a s  r e p o r t e d  t h a t  P H F 4  
d e c o m p o s e d  a t  r o o m  t e m p e r a t u r e  t o  p r o d u c e  P F 3 ,  b u t  t h e  s i m i l a r  
t h e r m o l y s i s  o f  P H 2 F 3  p r o d u c e d  o n l y  a s l i g h t  a m o u n t  o f  u n i d e n t i f i e d  
y e l l o w i s h  s o l i d ,  e v e n  a f t e r  h e a t i n g  t o  1 0 0 ° C . P'® T h i s  i s  n o t  
u n e x p e c t e d ,  g i v e n  t h e  t h e r m a l  i n s t a b i l i t y  o f  P F 2 H .
P H F 4  ------- *  P F 3  + H F
P H 2 F 3 -------> P F 2 H + H F <
P r o c e d u r e s  I n v o l v i n g  ( R ? N ) 9 PH a n d  R e l a t e d  S p e c i e s
I t  i s  w e l l  k n o w n  t h a t  p r o t i c  a c i d s  s u c h  a s  H C 1 ,  H B r  o r  HI  can be 
u s e d  s u c c e s s f u l l y  t o  c l e a v e  P - N  b o n d s .  T h e  r e a g e n t s  P F 2 C 1 ,  P F 2 B r  a n d
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( 5 9 )
( 6 0 )
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P F 2 I h a v e  a l l  b e e n  p r e p a r e d  b y  a r e a c t i o n  o f  t h i s  t y p e . 8 3
M e 2 N P F 2  + 2 H X  -------> P F 2 X +  [ M e 2 N H 2 ] X .  ( 6 1 )
A s i m i l a r  r o u t e  h a s  n o t  y e t  b e e n  r e p o r t e d  t o  y i e l d  P F 2 H ,  b u t  w h i l e  
t h i s  m a n u s c r i p t  w a s  i n  p r e p a r a t i o n  F u ,  K i n g  a n d  H o l t  r e p o r t e d  
p r e l i m i n a r y  r e s u l t s  ( a b s t r a c t  f o r  f o r t h c o m i n g  ( F a l l ,  1 9 8 5 )  1 9 0 t h  ACS 
N a t i o n a l  M e e t i n g ) 1 5 4  w h i c h  s h o w e d  t h a t  m e t a l  c o o r d i n a t e d  
a m i n o p h o s p h i n e s  a l s o  u n d e r g o  t h i s  t y p e  o f  c l e a v a g e  w i t h  HC1  o r  H B r .
( i - P r 2 N ) 2 P H M ( C 0 ) n + 2 H X  -------> ( i - P r 2 N ) P H X M ( C O ) n + [ i - P r N H 2 ] X  ( 6 2 )
M = C r , M o , W ;  n = 5 
M = F e ;  n = 4 .
T h e y  a l s o  r e p o r t e d  t h e  p r e p a r a t i o n  o f  a P B r 2 H - m a n g a n e s e  c o m p l e x  b y
1 5 2t h e  u n p r e c e d e n t e d  c l e a v a g e  o f  t w o  P - N  b o n d s  by e x c e s s  H B r .
( i - P r 2 N ) 2 P H M n ( C 0 ) 2 C 2 H 5  + e x c e s s  H B r  -------»  B r 2 P H M n ( C 0 ) 2 C 5 H 5 .  ( 6 3 )
F l e m i n g  h a s  r e p o r t e d  t h a t  P - N  b o n d s  o f  a m i n o h a l o p h o s p h i n e s  c a n  
a l s o  b e  c l e a v e d  b y  r e a c t i o n  w i t h  B F 3 . 1 4 5 a
( M e 2 N ) 2 P F  + 2 B F 3  ------ »  M e 2 N P F 2 * B F 3  + M e 2 N B F 2 . ( 6 4 )
R e d u c t i o n s  o f  H a l o p h o s p h i n e s
R e d u c i n g  A g e n t s  a s  P o s s i b l e  R e a g e n t s  
f o r  t h e  S y n t h e s i s  o f  P F ? H
A n  i m p r o v e d  r o u t e  t o  P F 2 H wa s  s o u g h t .  I n i t i a l l y  we w e r e  m o s t  
i n t e r e s t e d  i n  d e t e r m i n i n g  w h e t h e r  o r  n o t  P F 2 H c o u l d  be p r o d u c e d  f r o m  
t h e  r e d u c t i o n  o f  P F 2 C 1 .
I n  1 9 5 9 ,  W i l b e r g  a n d  M u l 1 e r - S c h i e d m a y e r  p r e s e n t e d  t h e i r  r e s u l t s  
f r o m  a s e r i e s  o f  h a l o p h o s p h i n e  r e d u c t i o n  r e a c t i o n s . 5  T h e i r  w o r k  
i n d i c a t e d  t h a t  g r o u p  I  h y d r i d e s  ( L i H , N a H )  w e r e  n o t  e f f e c t i v e  f o r  t h e  
r e d u c t i o n  o f  P B r 3  o r  P C I 3 .  T h i s  a g r e e s  w i t h  t h e  w o r k  f r o m  t h i s  
l a b o r a t o r y  d e s c r i b e d  i n  Y o k e  s 1 9 5 4  d i s s e r t a t i o n .  J
A I H 3  a n d  L i A l H ^  do r e d u c e  P B r 3  a n d  P C I 3  t o  P H 3  f a i r l y  
e f f e c t i v e l y ; 5  h o w e v e r ,  t h e s e  r e d u c i n g  a g e n t s  a r e  k n o w n  t o  be v e r y  
p o w e r f u l  a n d  a r e  k n o w n  t o  e x h i b i t  v e r y  l i t t l e  s e l e c t i v i t y . 1 5 6  O n e  
w o u l d  n o t  e x p e c t  A 1 H 3  o r  L i A l H 4  t o  r e d u c e  P F 2 C1  t o  P F 2 H .  T h e  
c o m p l e t e  r e d u c t i o n  t o  P H 3  i s  m o r e  l i k e l y .  L i A l H 4  i s  a l s o  u n s u i t a b l e  
f o r  o u r  p u r p o s e s  s i n c e  i t  h a s  b e e n  s h o w n  t o  f u r t h e r  r e a c t  w i t h  
r e d u c e d  s p e c i e s  t o  f o r m  a s a l t .
2 E t P C 1 2  +  L i A I H 4  ------- »  2 E t P H 2  + L i C l  + A l C l 3  ( 6 5 )
4 E t P H 2  + L i  A l H 4  -------»  L  i A 1 ( P H E t ) 4  + 4 H 2 . ( 6 6 )
N a A l H 4  i s  r e p o r t e d  t o  h a v e  a l m o s t  t h e  same r e d u c i n g  p o w e r  as 
L i A l H 4 , 1 5 6  a n d  so i s  a l s o  n o t  c o m p a t i b l e  w i t h  o u r  p u r p o s e .
A  r e d u c i n g  a g e n t  w h i c h  w o u l d  s e l e c t i v e l y  r e d u c e  P - C l  l i n k a g e s  t o  
g i v e  a P - H  b o n d ,  b u t  w h i c h  w o u l d  n o t  a t t a c k  P - F  l i n k a g e s  was s o u g h t .
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R e a c t i o n s  w i t h  S e l e c t r i d e s
L i ,  Na a n d  K t r i - s e c - b u t y l b o r o h y d r i d e s  w e r e  f i r s t  p r e p a r e d  by 
B r o w n  a n d  c o - w o r k e r s  f r o m  t h e  r e a c t i o n s  o f  t r i - s e c - b u t y l b o r a n e  a n d  
t h e  a p p r o p r i a t e  m e t a l  h y d r i d e . 1 5 0 c , 1 5 8 , 1 5 9
T H F
MH + ( s e c - B u ) 3 B -------► M H B ( s e c - B u ) 3 .  ( 6 7 )
T h e y  a r e  now c o m m e r c i a l l y  a v a i l a b l e  i n  1M T H F  s o l u t i o n s  f r o m  t h e  
A l d r i c h  C h e m i c a l  C o .  u n d e r  t h e  name o f  L - ,  N -  a n d  K - S e l e c t r i d e s .
T h e s e  r e a g e n t s  h a v e  b e e n  s h o w n  t o  a c t  a s  s t e r e o s e l e c t i v e  r e d u c i n g  
a g e n t s  i n  t h e i r  r e a c t i o n s  w i t h  o r g a n i c  s p e c i e s . 1 5 6 , 1 5 8 , 1 6 0  T h e  u s e  
o f  S e l e c t r i d e s  t o  r e d u c e  i n o r g a n i c  m o i e t i e s  h a s  n o t  b e e n  d o c u m e n t e d  
p r i o r  t o  t h i s  s t u d y .  I t  w a s  h o p e d  t h a t  t h e  r e d u c i n g  a b i l i t i e s  o f  
t h e s e  r e a g e n t s  w o u l d  be s e l e c t i v e  e n o u g h  t o  d i f f e r e n t i a t e  b e t w e e n  P - F  
a n d  P - C l  b o n d s  s u c h  t h a t  P F 2 H c o u l d  be o b t a i n e d  f r o m  P F 2 C 1 .
O u r  m o d e l  r e a c t i o n  w a s  t h e  r e a c t i o n  o f  a h a l o p h o s p h i n e  w i t h  t h e  
S e l e c t r i d e  t o  y i e l d  a p h o s p h i n e ,  t h e  m e t a l  h a l i d e  a n d  t h e  
t r i a l k y l b o r a n e .
^ P - X  + MH B R o  — ^ P - H  + MX + B R o .  ( 6 8 )
/  3  /  J  
P C I  -j a n d  N i  ( P C I  -a) ^ .  I n i t i a l  r e a c t i o n s  o f  L - S e l e c t r i d e  w i t h  P C I  3 
a n d  N i ( PC 1 3 ) 4  s h o w e d  t h a t  r e d u c t i o n  o c c u r r e d ;  P H 3  w a s  t h e  m a j o r  
p r o d u c t  i n  a l l  c a s e s .
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P C I 3  + 3 L i HBR3  ------ »  PH 3  + 3 L 1 C 1  + 3 B R 3 ( 6 9 )
M e ? N P F ?  a n d  n i c k e l  M e ? N P F ?  c o m p l e x e s . R o u g h  t e s t  r e a c t i o n s  o f  
M e 2 N P F 2 ,  ( C O ) 3 N i ( M e 2 N P F 2 ) a n d  N i ( M e 2 N P F 2 ) 4  w i t h  L - S e l e c t r i d e  w e r e  
r u n .  R e d u c t i o n  o c c u r r e d  i n  t h e  c a s e s  o f  M e 2 N P F 2  a n d  
( C O ) 3 N i  ( M e 2 N P F 2 ) • New - P H 2  s p e c i e s  w e r e  f o r m e d  i n  e a c h  c a s e  a s  s e e n  
i n  t h e  NMR s p e c t r a .  T h e  ( C O ) 3 N i  ( M e 2 N P F 2 > r e a c t i o n  a l s o  had s i d e  
p r o d u c t s ,  b u t  t h e  M e 2 N P F 2  r e d u c t i o n  s e e m e d  f a i r l y  c l e a n .  T h e  m a j o r  
p r o d u c t s  b y  3 1 P NMR w e r e  a s s u m e d  t o  be M e 2 N P H 2   ^ 5 = " 1 4 6 . 2  P P m >
J pH -  2 3 0  H z )  a n d  ( C O ) 3  N i ( M e 2 N P H 2 ) 6 = - 1 5 7 . 3  p p m ,  J pH - 3 1 0  H z ) .  
When c o m p a r e d  w i t h  d a t a  f o r  k n o w n  R 2 N P H 2  c o m p o u n d s  ( R  = i - P r ,  
c y c l o h e x y l ) 1 2 1 , 1 6 1 , 1 6 2  t h e  c o u p l i n g  c o n s t a n t s  a r e  c o m p a r a b l e ,  b u t  t h e  
c h e m i c a l  s h i f t  v a l u e s  a r e  s u r p r i s i n g l y  f a r  u p f i e l d .  [ ( i - P r ) 2 N P H 2  5 = 
- 8 2 . 9  p p m ,  J p H = 1 9 6  H z ;  ( c y c l o h e x y l ) 2 N P H 2  <$ = - 7 2 . 3  p p m,  J p H = 2 0 0  
H z ;  ( c y c l o h e x y  1 ) 2 N P H 2 W( C O ) 5  <5 = - 4 7 . 6  p p m ,  Jp|_| = 3 4 1  H z ] .  R e d u c t i o n  
d i d  o c c u r  i n  t h e s e  t w o  r e a c t i o n s ,  b u t  f u r t h e r  c h a r a c t e r i z a t i o n  i s  
n e e d e d  b e f o r e  a n  u n e q u i v o c a l  a s s i g n m e n t  c a n  be m a d e .
I n  c o n t r a s t ,  t h e  r e a c t i o n  o f  N i ( M e 2 N P F 2 ) 4  a n d  L - S e l e c t r i d e  
p r o d u c e d  n o  P - H  s p e c i e s ;  3 1 P ,  U B a n d  1 9 F  NMR s p e c t r a  s h o w e d  t h a t  no
r e a c t i o n  o c c u r r e d .
N i ( M e 2 N P F 2 ) 4  + L i H B R 3  -------»  No r e a c t i o n .  ( 7 1 )
P F ? C 1  a n d  N i ( P F 9 C p A - P r e l i m i n a r y  r e a c t i o n s  o f  P F 2 C1 a n d  
N i ( P F 2 C l ) 4  w i t h  L - S e l e c t r i d e ,  i n  1 : 1  a n d  1 : 4  m o l e  r a t i o s
r e s p e c t i v e l y ,  p r o d u c e d  P F 3 ,  P H 3  a n d  N i ( P F 3 ) 4  a s  t h e  n a j o r  p h o s p h o r u s  
c o n t a i n i n g  s p e c i e s .
T H F
P F 2 C1 + L i H B R 3  -------> P F ,  + P H ,  + L i C l  + B R ,  ( 7 2 )
J  - 8 0 ° C  J  3 3 ' '
O 1
( +  o t h e r  P s p e c i e s )
T H F
N i ( P F 2 C 1 ) 4  + 4 L i H B R 3  -------> N i ( P F , L  + L i C l  + B R ,  ( 7 3 )
3  - 4 0 ° C  3 4  3
( +  o t h e r  P s p e c i e s ) .
No d i r e c t  e v i d e n c e  t o r  P F 2 H o r  N i ( P F 2 H ) 4  p r o d u c t i o n  wa s  o b s e r v e d ,  b u t  
t h e  a b s e n c e  o f  PC 1 3  a s  a p r o d u c t  s u g g e s t e d  t h a t  t h e  P - C l  b o n d s  w e r e  
p r e f e r e n t i a l l y  r e d u c e d .  I f  a n y  P F 2 H wa s  f o r m e d  b r i e f l y  i n  s o l u t i o n ,  
i t  i s  p o s s i b l e  t h a t  a r a p i d  d i s p r o p o r t i o n a t i o n  p r o d u c e d  t h e  o b s e r v e d  
p r o d u c t s .
3 P F 2 H -------»  2 P F 3  + P H 3 .  ( 7 4 )
I t  w a s  b e l i e v e d  t h a t  p e r h a p s  t h e  P F 2 H m o i e t y  c o u l d  be o b t a i n e d  a t  
l o w e r  r e a c t i o n  t e m p e r a t u r e s .
I d e n t i c a l  r e a c t i o n s  o f  P F 2 C1 a n d  L - ,  N -  a n d  K - S e l e c t r i d e s  w e r e  
r u n  c o n c u r r e n t l y  t o  o b s e r v e  w h e t h e r  t h e  m e t a l  i o n  a l s o  made a 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r e a c t i o n  p a t h w a y .  T h e  r e a c t i o n s  w e r e  
m o n i t o r e d  b y  3 1 P NMR b e g i n n i n g  a t  - 1 0 0 ° C  w i t h  t h e  t e m p e r a t u r e  
i n c r e a s e d  i n  5 ° C  i n c r e m e n t s  up t o  - 8 0 ° C .  R e d u c t i o n s  o c c u r r e d ,  b u t  
e v e n  a t  - 1 0 0 ° C ,  n o  e v i d e n c e  f o r  P F 2 H f o r m a t i o n  was  o b s e r v e d .  T h e s e  
t h r e e  r e a c t i o n s  w e r e  v e r y  s i m i l a r  e x c e p t  f o r  s l i g h t  v a r i a t i o n s  i n  t h e  
l e n g t h  o f  t i m e  a n d  t h e  s p e c i f i c  t e m p e r a t u r e  r e q u i r e d  f o r  p r o d u c t
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f o r m a t i o n .  T h e  l o w  t e m p e r a t u r e  s o l u b i l i t i e s  o f  t h e  S e l e c t r i d e s  v a r y  
s l i g h t l y  a s  e x p e c t e d .  D e s p i t e  t h e s e  d i f f e r e n c e s ,  t h e  i n i t i a l  
p r o d u c t s  w e r e  t h e  same i n  a l l  t h r e e  r e a c t i o n s .  S e e  F i g .  4 2  a n d  T a b l e  2 6 .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  NMR e v i d e n c e  s h o w s  t h a t  t h e  c o m p o u n d  
F 2 P 0 C 4 H g  i s  a p r o d u c t  i n  a l l  o f  t h e s e  P F 2 H r e a c t i o n s .  T h e  
3 1 P NMR c h e m i c a l  s h i f t  a n d  c o u p l i n g  c o n s t a n t  v a l u e s  ( 1 1 1 . 4  p p m ,  J p p  = 
1 2 9 0  H z )  m a t c h  w e l l  w i t h  t h o s e  r e p o r t e d  b y  S c h m u t z l e r 1 6 3 » 1 6 4  a n d  
o t h e r s 1 6 5  f o r  F 2 P 0 C 4 H g  ( 1 1 1 . 9  p p m ,  J p p  = 1 2 8 8  H z ) .  T h e  f o r m a t i o n  o f  
F 2 P 0 C 4 H 9  f r o m  t h e s e  r e a c t i o n  m i x t u r e s  i s  a n  i n d i c a t i o n  t h a t  t h e r e  i s  
s o l v e n t  ( T H F )  p a r t i c i p a t i o n .  F i g .  43 s u g g e s t s  t w o  p o s s i b l e  r e a c t i o n  
s c h e m e s  w h i c h  r a t i o n a l i z e  t h i s  r e s u l t .
I t  i s  w e l l  k n o w n  t h a t  s t a b l e  p h o s p h o r u s  c a t i o n s  can be f o r m e d  f r o m
i 1 1.1 
a m i n o h a l o p h o s p h i n e s .  ^
( R 2 N ) 2 P X  -------*  ( R 2 n >2 P + - ( 7 5 )
T h e  c a t i o n s  a r e  b e l i e v e d  t o  be s u b s t a n t i a l l y  s t a b i l i z e d  b y  p n - p n ,
N — >p b a c k b o n d i n g  i n t e r a c t i o n s . 1 3 7  On t h e  o t h e r  h a n d ,  i f  t h e  c a t i o n  
F  p +  w e r e  t o  be f o r m e d  f r o m  P F 2 C 1 ,  i t  w o u l d  be e x p e c t e d  t o  be e x t r e m e l y  
u n s t a b l e  a n d  r e a c t i v e  d u e  t o  t h e  h i g h  e l e c t r o n e g a t i v i t y  o f  t h e  f l u o r i n e  
a t o m s .  I n  t h e  r e a c t i o n  o f  P F 2 C 1 w i t h  S e l e c t r i d e s ,  i t  i s  p o s s i b l e  t h a t  
m e t a l  c h l o r i d e  p r e c i p i t a t i o n  c o u l d  c a u s e  t h e  f o r m a t i o n  o f  a F 2 P 
r e a c t i v e  i n t e r m e d i a t e .
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P F 2 C1  +  M H B R 3  -------*  " F 2 P + " +  MCI  + h b r 3 ( 7 6 )
147
F 2 P O C 4 H 9
88 ppm
F i g .  4 2 .  NMR s p e c t r u m  f r o m  t h e  r e a c t i o n  o f  P F 2 C 1 a n d  N -
S e l e c t r i d e .  P H 3  i s  n o t  s h o w n ,  e v e n  t h o u g h  i t  i s  a m a j o r  
p r o d u c t ,  a s  i t  i s  t o o  f a r  u p f i e l d .  R e s u l t s  o b t a i n e d  u s i n g  
L -  a n d  K - S e l e c t r i d e s  w e r e  s i m i l a r .
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F i g  4 3 .  P r e l i m i n a r y  r e a c t i o n  s c h e me s  t o  r a t i o n a l i z e  t h e  f o r m a t i o n  
o f  F o P O C ^ g  f r o m  t h e  r e a c t i o n  o f  P F 2C1 a n d  S e l e c t r i d e s  i n
T H F .
T h i s  r e a c t i v e  i n t e r m e d i a t e  c o u l d  t h e n  u n d e r g o  a f a c i l e  r e a c t i o n  w i t h  t h e  
m o s t  a v a i l a b l e  s p e c i e s ,  w h i c h  i n  t h i s  c a s e  w o u l d  be t h e  s o l v e n t ,  
t e t r a h y d r o f u r a n .  T h e  e l e c t r o p h i 1 i c  m o i e t y  w o u l d  be a t t r a c t e d  t o
t h e  e l e c t r o n  r i c h  o x y g e n  c e n t e r .  I t  i s  r e a s o n a b l e  t o  p i c t u r e  a T H F  r i n g  
o p e n i n g  s t e p  f o l l o w e d  b y  o r  c o i n c i d e n t  w i t h  a r a p i d  h y d r i d e  t r a n s f e r  
f r o m  H B R 3"’ w h i c h  c o u l d  p r o d u c e  F 2P 0C 4H g .  S e e  F i g .  4 3 ,  S c h e me  I .  An 
h y p o t h e s i s  o f  t h i s  t y p e  i s  n o t  u n r e a s o n a b l e .
R e a c t i o n s  o f  P F 2C I  a n d  P F 2H w i t h  T H F  h a v e  s u g g e s t e d  a s t r o n g  
s o l v e n t / P F 2 X i n t e r a c t i o n .  T h e  l o w  t e m p e r a t u r e  c h e m i c a l  s h i f t  v a l u e s  o f  
b o t h  P F 2C1 i n  T H F  a n d  P F 2 H i n  T H F  a r e  u p f i e l d  f r o m  w h e r e  t h e y  u s u a l l y  
o c c u r  i n  n o n c o o r d i n a t i n g  s o l v e n t s  s u c h  a s  C H 2C I 2 • S e e  T a b l e  2 7 .
- 8 0  ° C
P F 2C1 + T H F  --------- > , , P F 2 C 1 . . . T H F "  ( 7 7 )
- 8 0  ° C
P F 2 H +  T H F  ---------> mP F 2 H . . . T H F \  ( 7 8 )
T h i s  i n f o r m a t i o n  s u g g e s t s  t h a t  a " F 2P + " m o i e t y ,  i f  f o r m e d ,  may a l r e a d y  
b e  i n t e r a c t i n g  w i t h  T H F  m o l e c u l e s .  I n  f a c t ,  t h e  T H F  m o i e t y  may e v e n  a c t  
t o  s t a b i l i z e  t h e  ' ^ P * "  i n t e r m e d i a t e  a s  s h o wn  i n  F i g .  4 3 ,  S c h e me  I I .  I t  
i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  r e a c t i o n  o f  P F 2^ w i t h  T H r  d i d  n o t  p r o d u c e  
F 2 P 0 C 4 H g .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  p o s t u l a t e  t h a t  " F 2 P ,  n o t  P F 2H ,  
w a s  t h e  s p e c i e s  i n v o l v e d  i n  t h e  f o r m a t i o n  o f  F 2 P 0C 4 H g .
R i n g  o p e n i n g s  o f  c y c l i c  e t h e r s  a r e  w e l l  k n o w n .  F o r  e x a m p l e ,  P C 1 3
,  • j  1 6 6
e f f e c t s  a r i n g  o p e n i n g  o f  e t h y l e n e  o x i a e .
1 4 9
PCI3 + ch2ch26 C l  2 P 0 C H 2 CH 2C 1 . ( 7 9 )
1 50
T a b l e  26
I n i t i a l  P r o d u c t s  f r o m  t h e  R e a c t i o n s  o f  
P ^ C l  a n d  M e t a l  S e l e c t r i d e s .
M e t a l q 1P C o n t a i n i n g  P r o d u c t s
L i , N a , K
P F 3
L i , N a , K p h 3
L i  , N a , K F  2>POC4 Hg
L i , N a  , K - P F 2 t r i p l e t  88 p p m,  J p p  = 1 3 0 0  H z
T a b l e  2 7
C o m p a r i s o n  o f  3 1 P NMR D a t a  f o r  P F 2 X
a n d  P F 2 X / T H F  M i x t u r e s ,  X = C 1 , H .
6, ppm J p p , H z J p H  » H z
P F 2 C1  ( i n  C H 2 C 1 2 ) 1 7 6  - 1 3 9 0 ----------
" p f 2c i . . . T H F " 1 6 3  - 1 3 8 0 —
P F 2 H ( i n c h 2 c i 2 ) 2 2 4  - 1 1 4 3 1 8 2
" p f 2h . . . T H F " 1 9 8  - 1 0 6 0 200
S i m p l e  e t h e r s  a r e  n o t  n o r m a l l y  c l e a v e d  by r e d u c i n g  a g e n t s ,  a l t h o u g h  
e x a m p l e s  a r e  k n o w n . 167  D i b o r a n e  w i l l  c l e a v e  T H F ,  b u t  o n l y  a f t e r  an 
e x t e n d e d  r e a c t i o n  a t  e l e v a t e d  t e m p e r a t u r e s , 168
O
6 0 ° C
------ > B ( 0 C 4H g ) 3 .  ( 8 0 )
64 h r
A v e r y  i n t e r e s t i n g  r e a c t i o n  s e q u e n c e  wa s  r e p o r t e d  by  B r o w n  a n d  c o ­
w o r k e r s 1 6 9 , 1 7 0 .  T h e y  h a v e  s h o w n  t h a t  L i E t 3 BH w i l l  e f f e c t  a r i n g  
o p e n i n g  o f  T H F ,  b u t  o n l y  i n  t h e  p r e s e n c e  o f  A1  ( t - B u O )3  o b t a i n e d  f r o m  
L i  ( t - B u O ) 3 A l H .  T h e y  s u g g e s t  t h a t  a T H F - A 1 ( t - B u O >3 a d d u c t  i s  f o r m e d  
w h i c h  " a c t i v a t e s "  t h e  s y s t e m  i n  f a v o r  o f  t h e  c l e a v a g e  p r o c e s s .
2 5 ° C
L i E t 3 BH + T H F  -------»  No R e a c t i o n  ( 8 1 )
25 ° C
-------> L i ( t - B u 0 ) 3 A 1 0 C 4 H9 + B E t 3 .  ( 8 2 )
3 h r
T h e  r e a c t i o n  o f  L i A l H 4 -  A 1 C 1 3 a n d  T H F  h a s  a l s o  b e e n  r e p o r t e d  t o
e f f e c t  r i n g  o p e n i n g . 1 7 1 , 1 7 2
T h e s e  r e p o r t e d  r e s u l t s  a r e  s i m i l a r  t o  o u r  o w n .  F i g .  4 3 ,  S c h e me
I I ,  p r o p o s e s  a s i m i l a r  T H F - P F 2C1 a d d u c t  f o r  o u r  c a s e .  T h e  
S e l e c t r i d e s  d o  n o t  r e a c t  w i t h  T H F  ( i n  f a c t  t h e y  a r e  p r e p a r e d  a n d  
s t o r e d  i n  T H F ) ,  b u t  t h e  c o m b i n a t i o n  o f  P F 2C1 a n d  a S e l e c t r i d e  d o e s  
c a u s e  a r i n g  o p e n i n g  r e a c t i o n  t o  o c c u r ,  e v e n  a t  t e m p e r a t u r e s  a s  l ow
a s  - 1 0 0 ° C .
T h e  o t h e r  i n i t i a l  r e a c t i o n  p r o d u c t  o f  t h e  P F 2C1 a n d  S e l e c t r i d e  
r e a c t i o n s  ( S e e  T a b l e  2 6 )  i s  s t i l l  u n i d e n t i f i e d .  T h e  o c c u r r e n c e  o f  a
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L i E t 3 BH ( t - B u O ) 3 A 1 :
P - F  t r i p l e t  i n d i c a t e s  t h a t  i t  i s  a - P F 2 m o i e t y .
I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  c a s e  o f  K - S e l e c t r i d e
a s e c o n d a r y  r e a c t i o n  s e r i e s  t o o k  p l a c e ,  so t h a t  a f t e r  5 d a y s  a t  - 8 0 ° C
t h e  m a j o r  p r o d u c t s  w e r e  d u e  t o  t h i s  s e c o n d a r y  r e a c t i o n .  T h e  
3 1
P NMR s p e c t r a  o b t a i n e d  s h o w e d  t w o  new p r o d u c t s ;  b o t h  o f  w h i c h  a r e  
d u e  t o  - P F H  m o i e t i e s .  T h e  c h e m i c a l  s h i f t  a n d  c o u p l i n g  c o n s t a n t  
v a l u e s  a r e  6 = 6 . 2  p p m ,  J pp = 1 0 8 0  H z ,  J PH = 8 1 0  H z ;  6 = 3 . 2  p p m,  J P F  
= 1 0 0 0  H z ,  J p^j  = 7 3 0  H z .  T h e  s p e c t r a  a r e  s h o wn  i n  F i g .  4 4 .  T h e  
i d e n t i t y  o f  t h e s e  p r o d u c t s  i s  s t i l l  u n k n o w n .
P F ^  a n d  P H ^ .  S i n c e  P H 3 a n d  P F 3 w e r e  m a j o r  p r o d u c t s  i n  t h e  
r e a c t i o n  o f  P F 1 a n d  S e l e c t r i d e s  i t  wa s  o f  i n t e r e s t  t o  s e e  i f  t h e y  
t h e m s e l v e s  w o u l d  r e a c t  w i t h  S e l e c t r i d e s .
T h e  1 : 3  r e a c t i o n  o f  L - S e l e c t r i d e  a n d  P F 3 i n  T H F  p r o d u c e d  P H 3 .
T H F
P F 0 +  3 L i H B R .  -------»  P H .  + 3 L i F  + 3 B R . .  ( 8 3 )
3 - 1 0 0 ° C
T h i s  i s  i n t e r e s t i n g  b e c a u s e  w h e n  a l i m i t e d  a m o u n t  o f  L - S e l e c t r i d e  wa s
a l l o w e d  t o  r e a c t  w i t h  P F 2C 1 ,  P F 3 wa s  a m a j o r  p r o d u c t .  T h e s e  d a t a
s u g g e s t  t h a t  a l t h o u g h  S e l e c t r i d e s  w i l l  r e d u c e  P - F  b o n d s ,  P - C l  b o n d s
w i l l  be r e d u c e d  p r e f e r e n t i a l l y  by  l i m i t e d  a m o u n t s  o f  S e l e c t r i d e
a c t i n g  o n  P F 2C 1 o r  N i ( P F 2C l ) 4 .
T h e  r e a c t i o n  o f  P H 3 w i t h  e x c e s s  L - S e l e c t r i d e  wa s  a l s o  
m o n i t o r e d .  A t  - 1 0 0 ° C  t h e r e  w a s  no r e a c t i o n  o b s e r v e d  b y  3 1 P N MR .  
H o w e v e r ,  o n  s t a n d i n g  a t  - 8 0 ° C  P H 3 b e g a n  t o  v e r y  s l o w l y  r e a c t  w i t h  L -  
S e l e c t r i d e  t o  f o r m  a - P H 2 s p e c i e s  w i t h  a p h o s p h o r u s  c h e m i c a l  s h i f t  o f  
- 1 3 3 . 1  p p m ,  J pH = 2 8 0  H z ,  w h i c h  we b e l i e v e  may be d u e  t o  t h e
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F i g .  4 4 .  3 1 P NMR s p e c t r a  f r o m  t h e  r e a c t i o n  o f  P F ^ C l  a n d  K -
S e l e c t r i d e  a f t e r  5 d a y s  a t  - 8 0 ° C .  PHo was  a l s o  o b s e r v e d  —
° cn
co
u p f i e l d .
f o r m a t i o n  o f  a L i  [ ( R j B ^ P ^ ]  s a l t .  H 2 e v o l u t i o n  wa s  n o t  m o n i t o r e d  
i n  t h e  p r o c e s s  b e c a u s e  o f  e x p e r i m e n t a l  d i f f i c u l t i e s .
THF .
P H 3 + 2 L T H 8 R 3 — *  L i  [ ( R 3 B ) 2P H 2 ]  .  ( 8 4 )
U p o n  s t o r a g e  a t  - 8 0  C (8 d a y s )  a s m a l l  a m o u n t  o f  a s e c o n d  - P H 2 
s p e c i e s  b e g a n  t o  f o r m  w i t h  a 3 1 P NMR s i g n a l  a t  - 1 9 8  p p m ,  J PH = 1 8 0
H z .  T h i s  s p e c i e s  c a n  t e n t a t i v e l y  be a s s i g n e d  a s  a L i + [ ( R 3 B ) P H 2 ] "  
s a l t .
T H F  +
P H ,  + L i H B R ,  -------»  L i  [ ( R , B ) P H , ] “  + H , .  ( 8 5 )
3 3 - 8 0 ° C  3 2 2
T h e s e  a s s i g n m e n t s  w e r e  mad e b a s e d  on t h e i r  c h e m i c a l  s h i f t  v a l u e s  a n d  
t h e i r  P - H  c o u p l i n g  c o n s t a n t s .  F o u r  c o o r d i n a t e  p h o s p h o r u s  s p e c i e s  
g e n e r a l l y  h a v e  s h i f t  v a l u e s  w h i c h  a r e  f u r t h e r  d o w n f i e l d  ( l e s s  
n e g a t i v e )  a n d  h a v e  l a r g e r  P - H  c o u p l i n g  c o n s t a n t s  t h a n  t h r e e  
c o o r d i n a t e  p h o s p h o r u s  s p e c i e s .  T h e  s i m i l a r  s p e c i e s  N H4+ [ ( H 3 B ) 2P H 2 ] ~  
(6  = - 1 1 7  p p m ,  J pH = 3 2 0  H z ) 173  a n d  K + [ ( H 3 B ) P H 2 ] ”  ( 6  = - 2 0 3  p p m,  J pH 
= 1 8 6  H z ) 174  f o l l o w  t h i s  t r e n d  a n d  s u g g e s t e d  t h a t  t h e  f o r m a t i o n  o f  
t h e  R 3 B s p e c i e s  wa s  p o s s i b l e .  S e e  T a b l e  2 8 .
T h e  r e a c t i o n  o f  P H 3 a n d  N - S e l e c t r i d e  p r o d u c e d  i d e n t i c a l  
p r o d u c t s ,  e x c e p t  t h a t  i n  t h i s  c a s e  t h e  - 1 9 8  ppm s p e c i e s ,  [ ( R 3 B ) P H 2 ] ~ ,  
wa s  t h e  m a j o r  s p e c i e s  i n  s o l u t i o n  a t  - 4 0 ° C .  A f t e r  4 d a y s  r e a c t i o n  a t  
r o o m  t e m p e r a t u r e ,  a l l  o f  t h e  P H 3 wa s  r e a c t e d ,  a n d  o n l y  [ ( R 3 B ) P H 2 r  
w a s  p r e s e n t .  H o w e v e r ,  wh e n  t h e  s a m p l e  was c o o l e d  t o  80 C a n d  
a l l o w e d  t o  s i t  f o r  4 d a y s  a s m a l l  a m o u n t  o f  t h e  C ( R 3 B ) 2P H 2 ]  was
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p r e s e n t .  F i g .  4 5 c o m p a r e s  t h e  3 1 P NMR d a t a  f o r  t h i s  r e a c t i o n  w i t h  
t h a t  o b t a i n e d  i n  t h e  p r e v i o u s l y  d e s c r i b e d  L - S e l e c t r i d e  r e a c t i o n .
NMR s p e c t r a  w e r e  a l s o  o b t a i n e d  f o r  t h e s e  r e a c t i o n s .  T a b l e  
29 s u m m a r i z e s  t h e  NMR d a t a  o b t a i n e d .
R e a c t i o n s  o f  P F ? C 1  w i t h  O t h e r  R e d u c i n g  A g e n t s
E x c e s s  B ? H ^ .  P a i n e  h a s  r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  e x c e s s  
P F 2C1  a n d  $2^6 p r o d u c e s  a t  50% y i e l d  o f  H 3 B • P F ^ C l  a t  0 ° C  i n  3 - 5  
d a y s . 175
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p f 2 c i  + V 2 b 2h 6 — > h 3 b * p f 2c i . ( 86 )
H o w e v e r ,  w h e n  P F 2C1 a n d  B 2H 6 w e r e  h e l d  b e t w e e n  2 5 ° C - 3 0 ° C  a n
i r r e v e r s i b l e  d e c o m p o s i t i o n  o c c u r r e d  a s  e v i d e n c e d  b y  t h e  f o r m a t i o n  o f
38
o r a n g e  s o l i d s . 175  S i n c e  H 3 B * P F 2 H i s  mo r e  s t a b l e  t h a n  H 3 B * P F 2C 1 ,  we 
h o p e d  t h a t  p o s s i b l y  i n  t h e  p r e s e n c e  o f  e x c e s s  B 2H 6 ,  a f u r t h e r  
r e d u c t i o n  c o u l d  o c c u r  a n d  H 3 B * P F 2 H c o u l d  be o b t a i n e d .
P F ? C1  + e x c e s s  B 2 Hg —1—* H ^ B ' P F ^  + B2 H g C l .  ( 8 7 )
D i s p l a c e m e n t  r e a c t i o n s  w i t h  N Me 3 o r  P M e 3 c o u l d  t h e n  l i b e r a t e  t h e  P F 2 H 
1 i g a n d .
U n f o r t u n a t e l y ,  t h e  r e a c t i o n  o f  e x c e s s  B 2H 6 a n d  P F 2C1 d i d  n o t
p r o d u c e  a n y  H 3 B - P F 2 H .  H ^ P F ^ l  wa s  t h e  o n l y  p r o d u c t  o b s e r v e d  by
-^1 P a n d  1 9 F  NMR e v e n  a f t e r  3 d a y s  a t  r o o m t e m p e r a t u r e .
I i A l r 0 C ( C H t ) L i t h i u m t r i - t - b u t o x y a l u m i n u m  h y d r i d e  i s  a
w i t h  a s e l e c t i v i t y  f o r  f u n c t i o n a l  g r o u p s  t h a t  i s  m i l d  r e d u c i n g  a g e n t ,  w i t h  a s e l e c t i v i t y
a. L -  
Selectride
M
Y (R 3B )2p h 2j -5 - Y (r 3 b )p h 2 J " p h 3
F i g .  4 5 . 3 1 P NMR s p e c t r a  f r o m  t h e  r e a c t i o n s  o f  P H 3 w i t h  L -  a n d  N- 
S e l e c t r i d e .  a .  L - S e l e c t r 1 d e ,  8 d a y s  a t  - 8 0 ° C .  
b .  N - S e l e c t r 1 d e ,  4 d a y s  a t  RT f o l l o w e d  by  4 d a y s  a t  




T a b l e  28 
R e f e r e n c e  B - P  a n d  P - H  NMR D a t a .
C o m p o u n d 3 1 P , p p m J p H »^2 ^ B , ppm R e f e r e n c e 3
[ ( H 3 B ) P H 2 r - 2 0 3 1 8 6  - 3 7 . 6 1 7 3
[ ( H 3 B ) 2P H 2 ] “ - 1 1 7 . 0 3 2 1  - 4 0 . 1 1 7 2
p h 2 “ - 2 5 5 - 1 3 0  X 80
p h 3 - 2 4 0 1 8 0  X 80
T a b l e  29
P r o d u c t s f r o m  t h e  R e a c t i o n s o f
P H 3 a n d L -  a n d  N - S e l e c t r i d e s  ,
3 1 P , p p m J p H  > H z ^ B , p p m A s s i  g n m e n t a
- 1 9 8 . 0 1 8 0 1 . 1 ,  b r o a d M+ [ ( R 3 B ) P H 2 ] '
- 1 3 3 . 1 2 8 0 3 4 . 7 ,  b r o a d M+ [ ( R 3 B ) 2P H 2 r
a .  R -  s e c - b u t y l ,  M = L i . N a
m o r e  s i m i l a r  t o  N a B H 4 t h a n  t o  L i A l H 4 . 156 S i n c e  L i B H 4 i s  k n o wn  t o
r e d u c e  ( M e 2 N ) 2 P C l  s u c c e s s f u l l y  t o  ^ B - P t M e ^ ^ H , 130 i t  wa s  h o p e d  t h a t
L i A l [ O C ( C H 3 ) 3 ] 3 H w o u l d  be a u s e f u l  r e a g e n t  f o r  t h e  r e d u c t i o n  o f
P F 2C 1 • s o l i d  r e a g e n t  i s  s o l u b l e  i n  e t h e r s ,  a n d  i s  r e a c t i v e  a t
- 8 0 ° C .
T h e  r e a c t i o n  o f  P F 2C1  a n d  L i A l C O C ( C H 3 ) 3 D3 H i n  d y g l y m e  wa s
m o n i t o r e d  b y  v a r i a b l e  t e m p e r a t u r e  3 1 P a n d  1 9 F  NMR f r o m  - 8 0 ° C  up t o
5 ° C .  T h e  NMR d a t a  g i v e  no e v i d e n c e  f o r  P - C l  r e d u c t i o n .  I t  w o u l d
s e e m t h a t  t h e r e  i s  a P F 2C l - s o l v e n t  i n t e r a c t i o n  s i m i l a r  t o  t h a t  s e e n
f o r  P F 2C 1 i n  T H F  b e c a u s e  t h e  3 1 P s p e c t r u m  g i v e s  a c l e a n  t r i p l e t  a t
1 2 1  ppm w i t h  a J p p  = 1 3 0 0  H z .  T h i s  c h e m i c a l  s h i f t  v a l u e  i s  u p f i e l d
f r o m  t h a t  o f  P F 2C1  i n  a n o n c o o r d i n a t i n g  s o l v e n t  s u c h  a s  C H 2 C 1 2
( P F 2C 1 ,  6 = 1 7 6  p p m ,  J p p  = 1 3 9 0  H z ) .  T h e  1 9 F  s p e c t r u m  i s  a c l e a n
d o u b l e t  a t  - 4 0 . 7  p p m ,  J p p  = 1 3 0 0  H z  w h i c h  i s  a l s o  s h i f t e d  f r o m  t h a t
o f  P F 2C1 i n  C H 2C 1 2 ( P F 2C 1 ,  6 = - 3 8 . 1 ) .  T h e s e  d a t a  i n d i c a t e  t h a t  t h e
P F 2C1  m o i e t y  r e m a i n s  i n t a c t ,  b u t  t h a t  some i n t e r a c t i o n  h a s
o c c u r r e d .  A t  - 1 2 ° C  a n  u n i d e n t i f i e d  1 9 F  s i n g l e t  was o b s e r v e d  a t
- 1 5 9 . 3  p p m ,  b u t  t h e  " P F 2C 1 "  t r i p l e t  was s t i l l  t h e  m a j o r  s p e c i e s  i n
s o l u t i o n .  No P F 2 H o r  PH s p e c i e s  o f  a n y  k i n d  wa s  o b s e r v e d .
[ ( C H ^ ) 9C H C H 9 ] 9A 1 H . D i - i s o b u t y l a l u m i n i u m  H y d r i d e  ( D I B A L - H )  i s  a
s t r o n g  r e d u c i n g  a g e n t ,  b u t  i t  i s  k n o wn  t o  be mo r e  s e l e c t i v e  t h a n
r e a g e n t s  s u c h  a s  A I H 3 . 156 I t  i s  a u s e f u l  a n d  v e r s a t i l e  c o mp o u n d  i n
1 7 6
t h a t  i t  i s  s o l u b l e  i n  a n u m b e r  o f  s o l v e n t s .
T h e  r e a c t i o n  o f  P F o C l  a n d  [ ( C H j ^ C H C ^ l g A l H  i n  h e x a n e s  wa s  
m o n i t o r e d  f r o m  - 1 0 0 ° C  t o  - 2 0 ° C .  R e d u c t i o n  b e g a n  t o  o c c u r  a f t e r  
a b o u t  V? h o u r  a t  - 8 0 ° C ;  P H 3 w a s  f o r m e d  c l e a n l y .  N o  e v i d e n c e  f o r
1 58
p a r t i a l  r e d u c t i o n  ( P - C 1  v s  P - F )  wa s  o b s e r v e d .
1 59
R e a c t i o n s  o f  B i s ( d i a l k y l a m i n o ) p h o s p h i n e s  
w i t h  H a l o g e n a t i n g  A g e n t s
R e a c t i o n s  I n v o l v i n g  ( M e ? N ) ? P H
T h e  p r e p a r a t i o n  a n d  i s o l a t i o n  o f  ( M e 2N ) 2 PH a s  a s t a b l e  s p e c i e s  
a s  d e s c r i b e d  i n  C h a p t e r  I V  p r e s e n t e d  a n  o p p o r t u n i t y  f o r  a new 
a p p r o a c h  t o  t h e  s y n t h e s i s  o f  P F 2 H a n d  t h e  s i m i l a r  s p e c i e s  P C I 2 H . I t  
w a s  h o p e d  t h a t  c l e a v a g e  o f  t h e  P - N  b o n d s  i n  ( M e 2N ) 2 PH by  a p r o t i c  
a c i d  ( H F , H C 1 )  o r  by  B F 3 w o u l d  i n d u c e  t h e  f o r m a t i o n  o f  P F 2 H o r  PC 1 2 H 
i n  a f a s h i o n  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n s  o f  P F 2 X 
( X  = C l . B r . I )  a n d  M e 2N B F 2 . 8 3 , 1 4 6 a
( M e 2 N ) 2 PH + 4 H X  P X 2 H + 2[ M e 2 N H 2 ] X  ( 8 8 )
( M e 2 N ) 2 PH + 2 B F 3 -2-* P F 2 H + 2 Me2 N B F 2 .  ( 8 9 )
a Whe n a 1 : 2  r a t i o  o f  ( M e 2N ) 2 PH a n d  B F 3 wa s  a l l o w e d  t o  
r e a c t ,  t h e  m a j o r  p r o d u c t  a t  - 8 0 " C  wa s  F 3 B * N M e 2 H a s  v e r i f i e d  b y  n B ,  
l ^ F  a n d  ^H NMR v a l u e s .  T h e  o b s e r v e d  d a t a  ( * * B ,  5 = 0 . 0  p p m,  J B F  = 1 5 
H z . 1 9 f >  6 = - 1 5 9 .2  p p m,  J B F  = 1 6 H z ;  L H ,  6 = 2 . 4 6  p p m,  b r o a d )  
c o m p a r e d  w e l l  w i t h  t h a t  f o u n d  i n  t h e  l i t e r a t u r e  f o r  F 3 B - N M e 2 H 
( - B . f i  = 0 . 5  p p m ,  J 3 F  = 1 5 . 1  H z ;  19F ,  « -  ' 1 5 8 . 8  p p m;
: H fi = 2 . 4 6  p p m ) f 9 , 1 7 7 , 1 7 8  T h e s e  d a t a  a p p e a r  t o  i n d i c a t e  t h a t  B F 3
a s s i s t s  t h e  d e c o m p o s i t i o n  o f  ( M e 2 N ) 2 PH t o  Me 2 NH t h r o u g h  an i n i t i a l  B ­
N i n t e r a c t i o n .
F 3 BNMe2H + ( l / n ) ( P N M e 2 ) n . (90)
We h a v e  s h o w n  t h a t  M e 2 NH i s  t h e  r o o m t e m p e r a t u r e  d e c o m p o s i t i o n  
p r o d u c t  o f  ( M e 2 N ) 2 P H ,  so a " B F 3 a s s i s t e d "  l o w - t e m p e r a t u r e  
d e c o m p o s i t i o n  o f  t h i s  t y p e  i s  n o t  t o t a l l y  u n e x p e c t e d .
T h e  r e a c t i o n  s y s t e m  o f  ( M e 2 N ) 2 PH w i t h  B F 3 wa s  t h o r o u g h l y  s t u d i e d  
f r o m  - 8 0 ° C  t o  a m b i e n t  t e m p e r a t u r e .  No P F 2 H wa s  p r o d u c e d  a s  e v i d e n c e d  
b y  3 1 P ,  ^ F  a n d  NMR s p e c t r o s c o p y .
I t  i s  i n t e r e s t i n g  t o  n o t e ,  t h a t  a l t h o u g h  F ^ B - N M e ^ H  i s  t h e  m a j o r  
p r o d u c t ,  s m a l l  a m o u n t s  o f  o t h e r  s t i l l  u n i d e n t i f i e d  p r o d u c t s  w e r e  
o b s e r v e d  b y  3 1 P ,  3 1 B ,  ^ F  a n d  N MR .  I n  o n e  s m a l l  s c a l e  r e a c t i o n ,  a 
P - H  d o u b l e t  w a s  s e e n  b y  3 1 P NMR a t  44 ppm w i t h  J p H = 650 H z ,  w h i c h  
ma y  b e  d u e  t o  t h e  d i r e c t  c o u p l i n g  p r o d u c t  ( M e 2N ) 2 PH ^ 3 .  T h i s  p e a k  
w a s  b r o a d  ( w i d t h  a t  h a l f  h e i g h t  = 7 0 H z ) .  T h e  b r e a d t h  o f  t h e  p e a k  
a n d  t h e  l a r g e  P - H  c o u p l i n g  c o n s t a n t  s u g g e s t  t h a t  c o o r d i n a t i o n  t o  t h e  
b o r a n e  m o i e t y  o c c u r r e d .  T a b l e  30 l i s t s  r e f e r e n c e  P - H  c o u p l i n g  
c o n s t a n t  v a l u e s .  T h e  " B  NMR s h i f t  f o r  t h i s  p r o d u c t  was  a b r o a d
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m u l t i p l e t  a t  1 . 5  p p m .  T h e  c o u p l i n g  wa s  n o t  w e l l  r e s o l v e d ,  b u t  { F )  
d e c o u p l i n g  e x p e r i m e n t s  s h o w e d  t h a t  t h e  p e a k  was  a b r o a d  s i n g l e t  by  
H g  { 1 9 f }  n m R .  T h e  1 9 F  NMR e x h i b i t e d  a b r o a d  s i n g l e t  a t  - 1 5 4 . 1  ppm 
w h i c h  i s  t e n t a t i v e l y  a s s i g n e d  t o  t h i s  p r o d u c t .  T h e  s i d e  p r o d u c t s  
w e r e  n o t  s t u d i e d  i n  d e t a i l .  I t  wa s  v e r y  a p p a r e n t  t h a t  t h e  r e a c t i o n  
o f  ( M e 2 N ) 2 P H w i t h  B F 3 w o u l d  n o t  y i e l d  t h e  d e s i r e d  P F 2H .
H C 1 .  R e a c t i o n s  o f  HC1  w i t h  ( M e 2N ) 2 PH t o  d a t e  h a v e  f a i l e d  t o
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T a b l e  30
C o m p a r i s o n  o f  P - H  C o u p l i n g  C o n s t a n t s  B e f o r e  
a n d  A f t e r  C o o r d i n a t i o n  t o  a B o r a n e .
C o m p o u n d Jpi_l,  H z R e f e r e n c e
( M e 2 N ) 2 P H 2 5 0 a
" ( M e 2 N ) 2 P H * B F 3 " 650 a
p f 2 h 1 8 2 7 , 5 2
p f 2 h * b h 3 4 6 7 33
p f 2h - b 4 h 8 6 5 1 34
B 2 H 4 * 2 P F 2 H 595 1 7 9
a .  T h i s  w o r k .
p r o v i d e  a g o o d  r o u t e  t o  P C 1 2H .  A n u m b e r  o f  e x p e r i m e n t a l  d i f f i c u l t i e s  
w e r e  o b s e r v e d .  When H C l  a n d  ( M e 2 N ) 2 PH r e a c t ,  l a r g e  a m o u n t s  o f  a 
y e l l o w  s o l i d ,  w h i c h  w a s  n o t  s o l u b l e  i n  T H F ,  f o r m e d  m a k i n g  i t  
i m p o s s i b l e  t o  a c c u r a t e l y  m o n i t o r  t h e  r e a c t i o n  by NMR s p e c t r o s c o p y .
T h e  i n i t i a l  p r o d u c t  f o r m e d  a t  - 6 0 ° C  ( 3 1 P { 1H )  s i n g l e t ,  6 = 1 6 9 . 4  ppm)  
a p p e a r e d  t o  be v e r y  u n s t a b l e .  I t  d e c o m p o s e d  b e f o r e  c o m p l e t e  NMR d a t a  
w a s  o b t a i n e d .  When t h e  r e a c t i o n  wa s  r u n  on a v a c u u m  l i n e ,  o n l y  a 
v e r y  s m a l l  y i e l d  o f  v o l a t i l e  p r o d u c t s  wa s  o b t a i n e d .  T h i s  p r o d u c t  had 
a n  i n f r a r e d  b a n d  i n  t h e  a r e a  e x p e c t e d  f o r  a P - C l  s t r e t c h i n g  f r e o u e n c y  
( 4 9 5  cm- 1 ) ,  b u t  n o  P - H  s t r e t c h i n g  wa s  s e e n  on t h e  B e c k ma n  I R - 2 0 .
T h i s  c o u l d  be d u e  t o  t h e  s m a l l  s a m p l e  s i z e  a n d  t h e  f a c t  t h a t  P - H  
s t r e t c h e s  a r e  g e n e r a l l y  w e a k e r  t h a n  P C I  o r  P F  s t r e t c h e s .  A c c e s s  t o  
a n  F T - I R  w a s  n o t  a v a i l a b l e ,  a n d  t h e  s a m p l e  d e c o m p o s e d  i n  t h e  I R  c e l l  
so no f u r t h e r  i n v e s t i g a t i o n  wa s  p o s s i b l e .
H F .  T h e  u s e  o f  g a s e o u s  H F  a s  a r e a g e n t  h a s  b e e n  s i m p l i f i e d  by  
t h e  d e v e l o p m e n t  o f  p o l y f 1 u o r o c a r b o n  ( T e f l o n ,  K e l - F ,  T e f l o n  F E P )  
t e c h n o l o g y . 180 T h e s e  m a t e r i a l s  a r e  i n e r t  t o  m o s t  c h e m i c a l s  a n d  
s o l v e n t s  a t  r o o m  t e m p e r a t u r e  a n d  t h e y  h a v e  an e x c e p t i o n a l  r e s i s t a n c e  
t o  t e m p e r a t u r e  e x t r e m e s .  A s  r e a c t i o n  v e s s e l s ,  a s  o n e  c o m p o n e n t  i n  a 
v a c u u m - l i n e  s y s t e m ,  o r  a s  an " a l l  p l a s t i c "  s y s t e m ,  t h e s e  m a t e r i a l s  
a l l o w  a d v a n t a g e s  o v e r  t h e  m o r e  t r a d i t i o n a l l y  u s e d  m e t a l  c o m p o n e n t s ;  
some v i s i b i l i t y  i s  a l l o w e d ,  a n d  m e t a l  c o n t a m i n a t i o n  i s  a v o i d e d .
T e f l o n  F E P  i s  q u i t e  t r a n s p a r e n t  a n d  c a n  be b l o w n  o r  w e l d e d  i n t o  
s p e c i f i c  r e a c t i o n  v e s s e l s  f o l l o w i n g  t e c h n i q u e s  d e s c r i b e d  by  
S h r i v e r . 180  F o r  t h e  f o l l o w i n g  r e a c t i o n ,  a T e f l o n  F E P  t r a p ,  c o u r t e s y  
o f  K a r l  C h r i s t e  ( R o c k e t d y n e  C o r p . ) ,  a s  s h o wn  i n  F i g .  46 was a t t a c h e d
1 6 2
1 63
F i g .  4 6 .  T e f l o n  t r a p  f o r  H F  r e a c t i o n s .
t o  a g l a s s  v a c u u m  s y s t e m .  T h e  r e a c t i o n  o f  ( M e 2 N ) 2 PH w i t h  e x c e s s  H F  
b e g a n  r a p i d l y  on w a r m i n g  t o  - 8 0 ° C  a s  e v i d e n c e d  by  t h e  f o r m a t i o n  o f  a n  
o r a n g e - y e l l o w  p r e c i p i t a t e .  T h e  - 8 0 * C  v o l a t i l e  c o m p o n e n t s  w e r e  s h o wn  
b y  i n f r a r e d  s p e c t r o s c o p y  t o  b e  p r e d o m i n a n t l y  P F 3 ( vp(. , a s y m = 8 6 0  c m " 1 ) 
a n d  S i F ^  ( v 5 -(_ p —1 0 3 1  cm ) .  T h e  S 1T 4 wa s  f o r m e d  b y  t h e  r e a c t i o n  o f  
H F  w i t h  t h e  e x p o s e d  g l a s s  c o m p o n e n t s  w h i l e  t r a n s f e r r i n g  t h e  H F  i n t o  
t h e  r e a c t i o n  s y s t e m .  No e v i d e n c e  f o r  P F 2 H wa s  o b t a i n e d  a f t e r  2 h o u r s  
a t  - 8 0  C .  H o w e v e r ,  on w a r m i n g  t o  0 ° C  f o r  15 m i n u t e s  f u r t h e r  r e a c t i o n  
o c c u r r e d  p r o d u c i n g  a s m a l l  a m o u n t  ( l e s s  t h a n  19% y i e l d )  o f  P F 2H ,  S i F 4 
a n d  o t h e r  u n i d e n t i f i e d  r e a c t i o n  p r o d u c t s .
T h e  r e s u l t s  f r o m  t h i s  i n i t i a l  r e a c t i o n  a r e  e n c o u r a g i n g ;  h o w e v e r ,  
c o n s i d e r a b l e  m o d i f i c a t i o n  i s  n e c e s s a r y  b e f o r e  a s i m p l i f i e d  r o u t e  t o  
P F 2 H i s  r e a l i z e d .
R e a c t i o n s  I n v o l v i n g  ( C O ) ^ N i [ ( M e ^ N ) c>PH]
M a n y  p h o s p h o r u s  s p e c i e s  c a n  be s t a b i l i z e d  by c o o r d i n a t i o n  t o  a 
m e t a l  c e n t e r .  T h e  r e a c t i o n  o f  t h e  f r e e  l i g a n d ,  ( M e 2N ) 2 P H ,  w i t h  
e x c e s s  H F  d i d  p r o d u c e  some P F 2H ,  b u t  o n l y  i n  l o w  y i e l d .  S i d e  
r e a c t i o n s ,  i n  p a r t i c u l a r  t h e  f o r m a t i o n  o f  P F 3 ,  i n t e r f e r e d  w i t h  t h e  
r e a c t i o n .  We h o p e d  t o  t a k e  a d v a n t a g e  o f  t h e  m e t a l  c o o r d i n a t i o n  
s t a b i l i z i n g  e f f e c t ,  a n d  u s e  ( C O ^ N i [ ( M e 2 N ) 2 P H ]  t o  p r e p a r e  P F 2 H by  t h e
f o l l o w i n g  r o u t e
( C O ) 3 H i [ ( M e 2 N ) 2 PH3 + 4 H F  — > { C O ) 3 N i ( P>F2 H ) + 2 [ M e 2 N H 2 ] F  ( 9 1 )
( C O ) 3 Ni  ( P F 2 H ) + P Me 3 ( C O ^ N i  ( P M e 3 ) + P F 2 H .  ( 9 2 )
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T h e  b a s e  P M e 3 w a s  e x p e c t e d  t o  d i s p l a c e  P F 2 H f r o m  t h e  n i c k e l  c a r b o n y l
c o m p l e x ,  p r o v i d i n g  a s o u r c e  o f  P f ^ H .
— "*"ne r e a c t ^ on o f  ( C O ) 3 Ni  [ ( t ^ N ) 2 P H ]  a n d  a l i m i t e d  a m o u n t  o f  
H F  i n  T H F  a t  - 8 0 ° C  p r o d u c e d  a s m a l l  a m o u n t  o f  ( C 0 ) 3 N i ( P F 2H ) .  T h e
p r e s e n c e  o f  ( C O ) 3 N i ( P F 2h ) i n  t h e  s a m p l e  was  c o n f i r m e d  b y  t h e  i n f r a r e d  
CO s t r e t c h i n g  f r e q u e n c i e s .  T h e  a b s e n c e  o f  o t h e r  CO s t r e t c h i n g  
f r e q u e n c i e s  s u g g e s t e d  t h a t  no ( C 0 ) 3 N i ( P F 3 ) wa s  f o r m e d  i n  t h i s  
r e a c t i o n .  S o me  u n i d e n t i f i e d  - 8 0 ° C  v o l a t i l e  b y p r o d u c t s  w e r e  o b s e r v e d  
by  I R  s p e c t r o s c o p y .  T h e  y i e l d  o f  ( C O ) 3 N i ( P F 2H)  wa s  i n c r e a s e d  
s l i g h t l y  b y  r e a c t i o n  a t  - 2 3 ° C .
I n i t i a l  d i s p l a c e m e n t  r e a c t i o n s  w i t h  { C O ) 3 N i ( P F 2H ) a n d  e x c e s s  
P M e 3 a t  - 8 0 ° C  a n d  r o o m  t e m p e r a t u r e  f a i l e d .  No P F 2 H wa s  o b s e r v e d  by  
I R  s p e c t r o s c o p y  i n  e i t h e r  c a s e .  A t  - 8 0 ° C ,  ( C O ) 3 N i ( P F 2H ) r e m a i n e d  
i n t a c t .  D e c o m p o s i t i o n  o c c u r r e d  a t  r o o m t e m p e r a t u r e .
T h e  p r e p a r a t i o n  o f  ( C O ) 3 N i ( P F 2H)  f r o m  ( C 0 ) 3 N i [ ( M e 2 N ) 2p H ]  wa s  
mu c h  c l e a n e r  t h a n  t h e  p r e p a r a t i o n  o f  P F 2 H f r o m  ( M e 2N ) 2 PH d i s c u s s e d  
p r e v i o u s l y .  T h e s e  i n i t i a l  r e s u l t s  s u g g e s t  t h a t  t h e  u s e  o f  m e t a l  
c o o r d i n a t e d  b i s ( d i a l k y l a m 1 n o ) p h o s p h i n e  s p e c i e s  f o r  r e a c t i o n s  w i t h  H F  
m e r i t s  f u r t h e r  i n v e s t i g a t i o n  a s  p a r t  o f  an a t t e m p t  t o  d e v e l o p  a 
s i m p l i f i e d  r o u t e  t o  P F 2H - m e t a l  c o m p l e x e s .
P i  s c u s s i o n
T h e  r e s u l t s  f r o m  t h e  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  c h a p t e r  s how 
t h a t  P F 2 H c a n  n o t  be made u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  f r o m  t h e  
r e a c t i o n  o f  P F 2 C1  a n d  t h e  f o l l o w i n g  r e d u c i n g  a g e n t s :  L - S e l e c t r i d e ,  
N - S e l e c t r i d e ,  K - S e l e c t r i d e ,  B 2H 6 ,  L i A l [ 0 C ( C H 3 ) 3 ] 3 H o r  
[ ( C H 3 ) 2 C H C H 2 ] 2 A 1 H .  B 2H 6 a n d  L i A 1 [ O C ( C H 3 ) 3 1 3 H a r e  n o t  s t r o n g  e n o u g h  
r e d u c i n g  a g e n t s  t o  c a u s e  a n y  r e d u c t i o n  o f  P F 2C 1 .  [ ( C H 3 ) 2 C H C H 2 ] 2A 1 H
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o n  t h e  o t h e r  h a n d ,  i s  t o o  s t r o n g  a n d  n o t  s e l e c t i v e  e n o u g h ;  b o t h  P - F  
a n d  P - C l  l i n k a g e s  w e r e  r e d u c e d  t o  p r o d u c e  P H 3 .  T h e  S e l e c t r i d e  
r e a c t i o n s  p r o v e d  t o  b e  t h e  m o s t  p r o m i s i n g ,  i n  t h a t  some s e l e c t i v i t y  
f o r  t h e  r e d u c t i o n  o f  P - C l  b o n d s  o v e r  P - F  b o n d s  wa s  o b t a i n e d  wh e n  
l i m i t e d  a m o u n t s  o f  t h e  S e l e c t r i d e  w e r e  u s e d .  T h e  d i f f e r e n c e s  i n  t h e  
s t a b i l i t y  o f  t h e  ( M e 2 N ) 2 P + c a t i o n  v s  t h a t  o f  t h e  F 2P + c a t i o n  may be 
a n  i m p o r t a n t  f a c t o r ;  ( M e 2N ) 2 PH i s  e a s i l y  o b t a i n e d  u s i n g  S e l e c t r i d e s ,  
w h i l e  P F 2H i s  n o t  o b t a i n e d .  A s o l v e n t / r e a g e n t  i n t e r a c t i o n  may a l s o  
h a v e  d e c r e a s e d  t h e  l i k e l i h o o d  o f  o b t a i n i n g  P F 2H .  S t r o n g  e v i d e n c e  
e x i s t s  f o r  t h e  f o r m a t i o n  o f  F 2 P O C 4H9 f r o m  t h e  i n t e r a c t i o n  o f  an F 2 P + 
s p e c i e s  w i t h  t h e  T H F  s o l v e n t .  A t  p r e s e n t ,  S e l e c t r i d e s  a r e  n o t  
a v a i l a b l e  i n  o t h e r  s o l v e n t s .  T h e y  t e n d  t o  d e c o m p o s e  r e a d i l y  wh e n  T H F  
i s  r e m o v e d .  I n  a n o n c o o r d i n a t i n g  s o l v e n t ,  t h e  S e l e c t r i d e s  may show 
p o t e n t i a l  f o r  t h e s e  t y p e s  o f  s e l e c t i v e  r e d u c t i o n s  o f  h a l o p h o s p h i n e s .
T h e  r e s u l t s  f r o m  t h e  r e a c t i o n s  o f  b i s ( d i a l k y l a m i n o ) p h o s p h i n e s  
w i t h  h a l o g e n a t i n g  a g e n t s  ( B F 3 , H C 1 , H F )  a r e  o f  i n t e r e s t .  P F 2H was  n o t  
o b t a i n e d  t h r o u g h  t h e  r e a c t i o n  o f  w i t h  B F 3 . F 3 B * N M e 2H was
t h e  m a j o r  p r o d u c t .  T h e  r e a c t i o n  o f  ( N ^ N ^ P H  w i t h  HC1  g a v e  no 
c o n c r e t e  e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  P C I 2^ • H o w e v e r ,  t h e  r e a c t i o n s  
o f  ( M e 2 N ) 2 PH a n d  ( C O ) 3 N i [ ( M e 2N ) 2P H ]  w e r e  mo r e  e n c o u r a g i n g ;  s m a l l  
a m o u n t s  o f  P F 2 H a n d  ( C 0 ) 3 N i ( P F 2H ) ,  r e s p e c t i v e l y ,  w e r e  f o r m e d .  I f  
t h i s  H F  m e t h o d  o f  p r o d u c i n g  P F 2H a n d  n i c k e l  P F 2H c o m p l e x e s  can be 
o p t i m i z e d ,  i t  w o u l d  h a v e  a d i s t i n c t  a d v a n t a g e  o v e r  t h e  p r e s e n t l y  u s e d  
m e t h o d s .  T h e  p r e c u r s o r s ,  ( M e 2 N ) 2 PH a n d  ( C 0 ) 3 N 1 [ ( M e 2N ) 2 P H ] f a r e  b o t h  
e a s i l y  p r e p a r e d ,  s t o r e d  a n d  h a n d l e d  on a v a c u u m  l i n e .  T h i s  c o n t r a s t s  
s h a r p l y  w i t h  t h e  b e h a v i o r  o f  P F 2 I ,  w h i c h  i s  t h e  c o m m o n l y  u s e d
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p r e c u r s o r  f o r  P F 2H . T h e  p r o p e r  H F  r e s i s t a n t  a p p a r a t u s  ( T e f l o n  F E P )  
a l l o w s  H F  t o  be u s e d  r e l a t i v e l y  e a s i l y .  We b e l i e v e  t h a t  t h e  
p o t e n t i a l  u t i l i t y  o f  t h i s  m e t h o d  i s  e v i d e n t .  M o d i f i c a t i o n  a n d  
o p t i m i z a t i o n  o f  t h e  r e a c t i o n  c o n d i t i o n s  may i n c r e a s e  t h e  y i e l d s  f o r  
t h e s e  r e a c t i o n  s y s t e m s .
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e x p e r i m e n t a l
G e n e r a l  T e c h n i q u e s  
V o l a t i l e  m a t e r i a l s  w e r e  h a n d l e d  u s i n g  s t a n d a r d  v a c u u m l i n e  
p r o c e d u r e s  a s  d e s c r i b e d  b y  S h r i v e r . 180 L o w  t e m p e r a t u r e  b a t h s  w e r e  
p r e p a r e d  f r o m  d r y  i c e / i s o p r o p a n o l  ( - 8 0 ° C )  o r  f r o m  t h e  a p p r o p r i a t e  
s o l v e n t  s l u s h . 180 A i r  s e n s i t i v e  s o l i d s  a n d / o r  l o w - v o l a t i l e  l i q u i d s  
w e r e  h a n d l e d  i n  a g l o v e  b a g  ( m o d e l  X —1 7 —1 7 ,  I n s t r u m e n t s  f o r  R e s e a r c h  
a n d  I n d u s t r y )  u n d e r  a n i t r o g e n  a t m o s p h e r e .  A i r  s e n s i t i v e  s o l u t i o n s  
w e r e  t r a n s f e r r e d  f r o m  s e p t u m  t o p p e d  b o t t l e s  u s i n g  t h e  " t h r e e  n e e d l e  
t e c h n i q u e "  d e s c r i b e d  by  S h r i v e r . 180 V a p o r  p r e s s u r e  d a t a  w e r e  
c o r r e l a t e d  w i t h  t h a t  f r o m  s p e c i f i c  r e f e r e n c e s  o r  f r o m  s t a n d a r d  
c o m p i l a t i o n s . 1 80 , 1 8 1
S p e c t r o s c o p i c  M e t h o d s
I n f r a r e d  S p e c t r o s c o p y
I R  d a t a  w e r e  r e c o r d e d  on a B e c k m a n  I R - 2 0  h i g h  r e s o l u t i o n  
s p e c t r o m e t e r  o r  on a P e r k i n - E l m e r  1 5 0 0  F T I R  S p e c t r o m e t e r .  G a s  p h a s e  
s p e c t r a  w e r e  c o l l e c t e d  by  u s i n g  a n  e v a c u a b l e  s a m p l e  c e l l  10 cm l o n g ,  
e q u i p p e d  w i t h  K B r  w i n d o w s .  L i q u i d  p h a s e  s a m p l e s  w e r e  p r e p a r e d  i n  a 
g l o v e  b a g  t o  p r e v e n t  a i r  c o n t a m i n a t i o n  o f  s e n s i t i v e  s a m p l e s .  F o r  t h e  
i n f r a r e d  s p e c t r a  s h o w n  i n  t h i s  w o r k ,  t h e  v e r t i c a l  a x i s  r e p r e s e n t s  
p e r c e n t  t r a n s m i s s i o n  a n d  t h e  h o r i z o n t a l  a x i s  r e p r e s e n t s  f r e q u e n c y  i n
M a s s  S p e c t r o s c o p y
M a s s  s p e c t r a l  d a t a  w e r e  o b t a i n e d  b y  u s i n g  a VG m i c r o m a s s  7 0 7 0  
d o u b l e  f o c u s i n g  h i g h  r e s o l u t i o n  ma s s  s p e c t r o m e t e r  w i t h  VG D a t a  S y s t e m  
2 0 0 0  w i t h  e l e c t r o n  i m p a c t  i o n i z a t i o n  a t  e i t h e r  1 7  eV o r  7 0  e V .  When 
t h e  e x p e c t e d  i s o t o p i c  p a t t e r n  d u e  t o  t h e  f i v e  i s o t o p e s  o f  n i c k e l  i s  
s e e n ,  o n l y  t h e  m o s t  i n t e n s e  p e a k  i n  e a c h  i s o t o p i c  g r o u p  i s  l i s t e d .
T h e  r e l a t i v e  i n t e n s i t i e s  o f  a l l  p e a k s  w e r e  n o r m a l i z e d  t o  t h e  m o s t  
a b u n d a n t  p e a k  a b o v e  m / z  = 32 i n  t h e  s p e c t r u m .
NMR S p e c t r o s c o p y
NMR s p e c t r a  w e r e  o b t a i n e d  on V a r i a n  X L - 1 0 0 ,  X L - 3 0 0 ,  o r  F T - 8 0 A  
s p e c t r o m e t e r s .  E x t e r n a l  s t a n d a r d s  w e r e  u s e d  f o r  a l l  s p e c t r a ,  85% 
H 3 P O 4 f o r  3 1 P N M R ,  C F C 1 3 f o r  1 9 F  N MR ,  a n d  TMS f o r  NMR d a t a .  
D o w n f i e l d  s h i f t s  h a v e  p o s i t i v e  v a l u e s .  M o s t  NMR s a m p l e s  w e r e  
p r e p a r e d  b y  u s i n g  v a c u u m  l i n e  t e c h n i q u e s .  Ma n y  s a m p l e s  w e r e  r u n  
n o n s p i n n i n g .  F o r  t h e  NMR s p e c t r a  s h o wn  i n  t h i s  w o r k ,  t h e  v e r t i c a l  
a x i s  r e p r e s e n t s  i n t e n s i t y  ( i n  a r b i t r a r y  u n i t s )  a n d  t h e  h o r i z o n t a l  
a x i s  r e p r e s e n t s  f r e q u e n c y  i n  ppm e x c e p t  i n  F i g .  33 a n d  3 4 ,  w h e r e  a 
h e r t z  s c a l e  i s  u s e d .
NMR S i m u l a t i o n
NMR s i m u l a t i o n  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  by u s i n g  t h e  s p i n  
s i m u l a t i o n  s o f t w a r e  a v a i l a b l e  w i t h  t h e  V a r i a n  X L - 3 0 0  i n s t r u m e n t  
p a c k a g e .  T h e  s o f t w a r e  i s  b a s e d  on t h e  F O R T R A N  p r o g r a m  L A M E .  L A M E  
c a l c u l a t e s  t h e  t h e o r e t i c a l  s p e c t r u m  f o r  s p i n -  V 2 n u c l e i ,  g i v e n  t h e  
v a l u e  o f  t h e  c h e m i c a l  s h i f t s  a n d  c o u p l i n g  c o n s t a n t s .
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S t a r t i n g  M a t e r i a l s
P u r c h a s e d  R e a g e n t s
T a b l e  3 1  l i s t s  m a j o r  r e a g e n t s  p u r c h a s e d  a n d  t h e  v e n d o r  u s e d  f o r  
t h i s  e x p e r i m e n t a l  w o r k .  I n  some c a s e s  t h e  r e a g e n t s  w e r e  d i s t i l l e d ,  
o r  r e c r y s t a l  1 i z e d  p r i o r  t o  u s e  a s  d e n o t e d  by  t h e  s u p e r s c r i p t s  i n  t h e  
T a b l e .
R e a g e n t s  P r e p a r e d  F o l l o w i n g  L i t e r a t u r e  M e t h o d s
T a b l e  32 l i s t s  r e f e r e n c e s  f o r  t h e  c o m m o n l y  p r e p a r e d  r e a g e n t s  
u s e d  i n  t h i s  w o r k .  S l i g h t  m o d i f i c a t i o n s  w e r e  o c c a s i o n a l l y  made t o  
a c c o m m o d a t e  o u r  n e e d s ,  b u t  i n  g e n e r a l  t h e  r e f e r e n c e s  w e r e  f o l l o w e d .
S o l  v e n t s
A l l  s o l v e n t s  u s e d  ( C H 2C 1 2 » T H F ,  E t 20 f p e n t a n e )  w e r e  d r i e d  a n d  
d i s t i l l e d  u n d e r  n i t r o g e n  b e f o r e  u s e .  S o l v e n t s  w e r e  s t o r e d  a i r - f r e e  
i n  v a c u u m  l i n e  c o n t a i n e r s  o r  t h e y  w e r e  f r e s h l y  d i s t i l l e d  p r i o r  t o
use.
New S y n t h e s e s
C o m p o u n d s  a n d  R e a c t i o n s  D e s c r i b e d  i n C h a p t e r  I I
N i  ( P C I ^ ) , i .  T h e  e t h e r a l  s o l u t i o n  o f  N i  ( a l l y l  ) 2 was  d e t e r m i n e d  t o  
b e  r o u g h l y  0 . 1 2  M.  U s i n g  t h i s  a p p r o x i m a t i o n ,  a 1 : 4 . 7  r a t i o  o f  
N i  ( a l l y l  ) 2 a n d  P C 1 3 w e r e  a l l o w e d  t o  r e a c t  w i t h  s t i r r i n g ,  u n d e r  
n i t r o g e n ,  a t  r o o m  t e m p e r a t u r e  f o r  15 m i n u t e s .  Y e l l o w  c r y s t a l l i n e  
N i ( P C I 3 ) 4 p r e c i p i t a t e d  f r o m  t h e  e t h e r a l  s o l u t i o n .  T h e  e t h e r  wa s
r e m o v e d ,  a n d  t h e  p r o d u c t  wa s  r e c r y s t a l l i z e d  f r o m  p e n t a n e .
N K P F , ) , .  F o r  t h i s  p r e p a r a t i o n ,  a 4 . 3 9  mmol  s a m p l e  o f  P F 3 (29%
e x c e s s )  w a s  c o n d e n s e d  o n t o  a 0 . 8 5  mmol s a m p l e  o f  p u r i f i e d  N i ( a l l y l ) 2 
i n  t h e  r e m o v a b l e  t r a p  w i t h  T e f l o n  s t o p c o c k s  d e s c r i b e d  i n  F i g .  1 0 .
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T a b l e  31 
S o u r c e s  f o r  R e a g e n t s .
C o m p o u n d S o u r c e C o m p o u n d S o u r c e
P C 1 3 M a t h e  s o n , C o l e m a n , B e l  l a c 3 h 6 c i A l d r l c h C h e m . C o .
p f 3 O z a r k - M a h o n l n g  C o . ^ N 1 C 1 2 S t r e m  C h e m i c a l s  I n c .
p f 5 M a t h e s o n  G a s  P r o d u c t s 15 Mg t u r n i n g s F 1 s c h e r S c i e n t i f i c  C o .
M e 2 NH M a t h e s o n  G a s  P r o d u c t s L - S e l e c t r 1 d e A l d r i c h C h e m . C o .
c h 3 n h c h 2 c h 2 n h c h 3 A l d r i c h  C h e m .  C o . N - S e l e c t r 1 d e A l d r i c h C h e m . C o .
S b F 3 C o l u m b i a  O r g .  C h e m .  C o . K - S e l e c t r l d e A l d r i c h C h e m . C o .
N a F M a t h e s o n , C o l e m a n , B e l  1 L 1 A 1 [ 0 C ( C H 3 ) 3 1 2 H A l d r i c h C h e m . C o .
C O M a t h e s o n  G a s  P r o d u c t s ^ [ ( C H 3 ) 3 C H C H 2 1 2 A 1 H A l d r i c h C h e m . C o .
H C 1 M a t h e s o n  G a s  P r o d u c t s ^ B 2 h 6 C a l l e r y C h e m . C o .
H F M a t h e s o n  G a s  P r o d u c t s ^
A l f a  P r o d u c t s
N 1 ( C 0 ) 4 P f a l t z  a n d  B a u e r b [ A g l  ' P M e 3 ] 4
A l d r l c h C h e m . C o .
a .  D i s t i l l e d  p r i o r  t o  u s e .
b .  T r a p - t o - t r a p  d i s t i l l e d  o n  a v a c u u m  l i n e  p r i o r  t o  u s e .
c .  R e c r y s t a l l i z e d  p r i o r  t o  u s e  f r o m  a C H 2 C 1 2 s o l u t i o n  b y  t h e  a d d i t i o n  o f  b e n z e n e
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T a b l e  32 
R e f e r e n c e s  f o r  R e a g e n t s .
C o m p o u n d  R e f e r e n c e  C o m p o u n d  R e f e r e n c e
P M e 3 1 8 2 , 1 8 3 H I 1 8 7
p h 3 1 8 4 C 3 H 6M g B r 1 8 8
p f 2 c i 83 N i ( a l l y l ) 2 7 6
p f 2 i 8 3 , 1 5 2 B 2 H 4 #2 P M e 3 1 89
p f 2 h 8 , 9
( M e 2 N ) 3 P 1 4 2 , 1 8 5
M e 2 N P C l 2 83
M e 2 N P F 2 83
( M e 2 N ) 2 P C l 1 8 6
( Me 2 N ) 2 P F 1 4 2 , 1 4 6 , 1 6 4
C H 3 N C H 2 C H 2 N ( C H 3 ) P C 1 1 4 2
CH ~ NCH 0 CH 0 N ( CH 0 ) P F 1 3 4 , 1 4 2
T h e  r e a g e n t s  w e r e  a l l o w e d  t o  r e a c t  w i t h o u t  s o l v e n t  a t  2 5 ° C .  T h e  
y e l l o w  s o l u t i o n  b e c a m e  a l m o s t  c o l o r l e s s  a s  N i ( P F 3 ) 4 wa s  f o r m e d .
A f t e r  1 . 5  h o u r s  t h e  e x c e s s  P F 3 wa s  r e m o v e d  by  q u i c k l y  d i s t i l l i n g  t h e  
- 8 0 °  h i g h  v o l a t i l e  c o m p o n e n t s  i n t o  a - 1 9 6 #C t r a p .  A n y  u n r e a c t e d  
N i ( a  1 l y l ) 2 w a s  i s o l a t e d  b y  d i s t i l l i n g  f r o m  - 6 3 ° C  i n t o  a - 1 9 6 ° C  
t r a p .  T h e  - 1 9 6 ° C  t r a p  t h e n  c o n t a i n e d  t h e  N i ( P F 3 ) 4 a n d  t h e  o r g a n i c  
b y p r o d u c t .  A  s l o w  d y n a m i c  v a c u u m  d i s t i l l a t i o n  ( 2 - 3  h o u r s )  f r o m  a 
- 8 0  C t r a p  i n t o  a - 1 9 6  C t r a p  r e m o v e d  t h e  v o l a t i l e  i m p u r i t i e s .  T h e  
^ i  ( P F 3 ) 4  P r o d u c t  ( 0 . 3 7  mmo l )  wa s  i s o l a t e d  i n  p u r e  f o r m  i n  t h e  - 8 0 ° C  
t r a p .  N i ( P F 3 ) 4 i s  s l i g h t l y  v o l a t i l e  a t  - 8 0 ° C ,  so t h e  - 1 9 6 ° C  p o r t i o n  
c o n t a i n e d  s ome N i ( P F 3 ) 4 .  A s e c o n d  - 8 0 °  t o  - 1 9 6 ° C  f r a c t i o n a t i o n  o f  
t h i s  p o r t i o n  y i e l d e d  an a d d i t i o n a l  0 . 1 2  mmol s a m p l e  o f  N i ( P F 3 ) 4 i n  a 
- 8 0 °  t r a p .  A 58% y i e l d  o f  N i ( P F 3 ) 4 wa s  i s o l a t e d  v i a  t h i s  r o u t e .
N i ( P F p C 1 ) f l .  A 5 . 2 7  mmol s a m p l e  o f  P F 2 C1 ( 1 6 . 6 %  e x c e s s )  was  
c o n d e n s e d  o n t o  a 1 . 1 3  mmol  s a m p l e  o f  p u r i f i e d  N i ( a l l y 1 ) o f r o z e n  i n  
t h e  p r e v i o u s l y  d e s c r i b e d  r e a c t i o n  v e s s e l .  T h e  s a m p l e  was a l l o w e d  t o  
r e a c t  a t  r o o m  t e m p e r a t u r e  w i t h  s t i r r i n g  f o r  1 h o u r .  D r a m a t i c  c o l o r  
c h a n g e s  w e r e  o b s e r v e d  a s  n o t e d  i n  t h e  t e x t .  E x c e s s  P F 2 C 1 ,  t h e  
o r g a n i c  b y - p r o d u c t s  a n d  a s l i g h t  a m o u n t  o f  P F 3 w e r e  r e m o v e d  f r o m  t h e  
r e a c t i o n  m i x t u r e  by  d i s t i l l i n g  o u t  o f  a - 8 0 ° C  t r a p  i n t o  a - 1 9 6 ° C  
t r a p .  T h e  N i ( P F 2 C l ) 4 p r o d u c t ,  w h i c h  was  l e f t  i n  t h e  - 8 0 ° C  t r a p  wa s  
t h e n  f u r t h e r  p u r i f i e d  by l e t t i n g  t h e  v o l a t i l e  c o m p o n e n t s  p a s s  f r o m  
r o o m  t e m p e r a t u r e ,  t h r o u g h  a 0 ° C  t r a p  a n d  i n t o  a - 1 9 6  C t r a p .  A 0 . 7 9  
mmol  s a m p l e  ( 7 0 %  y i e l d )  o f  N i ( P F 2C l ) 4 was  o b t a i n e d  i n  t h e  - 1 9 6
t r a p .
N i ( M e 9 N P F 9 ) A .  A 65% e x c e s s  ( 1 3 . 6 5  mmo l )  o f  l i q u i d  Me 2 N P F 2 was
c o n d e n s e d  o n t o  a 2 . 0 7  mmol  s a m p l e  o f  p u r i f i e d  N I ( a l l y l ) 2 .  R e a c t i o n  
o c c u r r e d  o n  w a r m i n g  t o  r o o m  t e m p e r a t u r e  a s  i n d i c a t e d  b y  c o l o r  c h a n g e s  
( c o l o r l e s s  t o  d a r k  o r a n g e  a n d  t h e n  t o  l i g h t  y e l l o w )  a n d  w h i t e  c r y s t a l  
f o r m a t i o n .  A f t e r  0 . 5  h o u r  o f  s t i r r i n g  a t  r o o m  t e m p e r a t u r e  t h e  
r e a c t i o n  w a s  b a s i c a l l y  c o m p l e t e ;  h o w e v e r ,  s t i r r i n g  was  c o n t i n u e d  f o r  
a n  a d d i t i o n a l  h o u r .  T h e  r e a c t i o n  m i x t u r e  wa s  t h e n  h e l d  a t  0 ° C  a n d  
t h e  v o l a t i l e  c o m p o n e n t s  ( M e 2 N P F 2 a n d  t h e  o r g a n i c  b y p r o d u c t  ) w e r e  
c o l l e c t e d  i n  a - 1 9 6 ° C  t r a p .  T h e  c r y s t a l l i n e  m a t e r i a l  l e f t  i n  t h e  0 ° C  
t r a p  w a s  f u r t h e r  p u r i f i e d  by  a l l o w i n g  t h e  r o o m t e m p e r a t u r e  v o l a t i l e s  
( u n u s e d  N i ( a 1 1 y 1 ) 2 ) t o  p a s s  i n t o  a - 1 9 6 ° C  t r a p .  T h e  N i ( M e 2 N P F 2 ) 4 
p r o d u c t  w a s  r e c r y s t a l  1 i z e d  f r o m  p e n t a n e .  1 . 0 6  g ( 2 . 0 7  m m o l ) ,  o r  a 
q u a n t i t a t i v e  y i e l d  wa s  o b t a i n e d .
N i ( P F ^ H ) A . A 1 . 2 5  mmol  s a m p l e  o f  P F 2H ( 0 . 8 %  e x c e s s )  wa s  
c o n d e n s e d  o n t o  0 . 3 1  mmol  o f  p u r i f i e d  N i  ( a l  l y l  ) 2 i n  a 9 rrm NMR 
r e a c t i o n  t u b e ,  e q u i p p e d  w i t h  a g a s  e x p a n s i o n  b u l b  a n d  a s t o p c o c k .
T h e  m i x t u r e  w a s  a l l o w e d  t o  r e a c t  i n  C H 2C 1 2 a t  - 8 0 ° C  t o  - 9 0 ° C  f o r  o n e  
h o u r .  T h e  r e s u l t i n g  s o l u t i o n  wa s  r e d - b r o w n  c o l o r .  A c c o r d i n g  t o  t h e  
NMR d a t a ,  a l l  o f  t h e  P F 2 H wa s  c o n s u m e d .  S i d e  r e a c t i o n s  i n v o l v i n g  
P F 2 H w e r e  o b s e r v e d .  A 49% y i e l d  o f  N i ( P F 2 H ) 4 wa s  e s t i m a t e d  f r o m  t h e  
i n t e n s i t i e s  o f  t h e  3 1 P s i g n a l s .  N i ( P F 2 H ) 4 i s  n o n v o l a t i l e  a t  - 8 0 ° C ,  
a n d  s o  w a s  e a s i l y  s e p a r a t e d  f r o m  t h e  o t h e r  r e a c t i o n  c o m p o n e n t s .  T h e  
- 8 0 ° C  v o l a t i l e s  w e r e  c o l l e c t e d  i n  a - 1 9 6 °  t r a p .  T h e n  t h e  l o w  
v o l a t i l e  p o r t i o n  wa s  h e l d  a t  “ 23 C a n d  a l l o w e d  t o  d i s t i l l  i n t o  3 
- 1 9 6 ° C  t r a p .  T h e  p r o d u c t  N i ( P F 2H ) 4 wa s  c o l l e c t e d  i n  t h e  - 1 9 6  C t r a p .
N i [ M e ? N ) 9 P F ] ^ .  A p p r o x i m a t e l y  0 . 6  mmol  o f  N i ( a l l y l ) 2 i n  e t h e r  
w a s  s y r i n g e d  o n t o  a 3 . 6  mmol  s a m p l e  o f  ( M e 2 N ) 2 P F  f r o z e n  i n  a t h r e e
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n e c k  f l a s k  u n d e r  n i t r o g e n .  T h e  N2 g a s  wa s  r e m o v e d  a s  t h e  f l a s k  was  
e v a c u a t e d  a t  - 1 9 6  C .  T h e  r e a c t i o n  m i x t u r e  wa s  t h e n  a l l o w e d  t o  wa r m 
t o  r o o m  t e m p e r a t u r e  a n d  w a s  s t i r r e d  t o r  1 . 5  h o u r s .  A s l i g h t  e v i d e n c e  
o f  c r y s t a l l i n e  p r e c i p i t a t i o n  wa s  n o t e d .  M o s t  o f  t h e  e t h e r  wa s  
r e m o v e d  t o  c o n c e n t r a t e  t h e  s o l u t i o n ,  a n d  t h e  s a m p l e  wa s  p l a c e d  i n  a 
f r e e z e r .  A f t e r  s i t t i n g  u n d i s t u r b e d  f o r  1 1  m o n t h s ,  y e l l o w - g r e e n  
c r y s t a l s  w e r e  o b s e r v e d .  Some o i l y  b r o w n  d e c o m p o s i t i o n  p r o d u c t  was  
a l s o  o b t a i n e d .  T h e  y e l l o w - g r e e n  c r y s t a l s  w e r e  h a n d l e d  i n  a g l o v e  
b a g .  A f t e r  w a s h i n g  t h e  c r y s t a l s  w i t h  s m a l l  p o r t i o n s  o f  c o l d  E t 2 0 a n d  
C H 2C 1 2 ,  t h e y  w e r e  c h a r a c t e r i z e d  a s  d e s c r i b e d  i n  t h e  t e x t .
11 N i - P H 7 " .  I n  a t y p i c a l  r e a c t i o n  1 . 5 9  mmol  s a m p l e  o f  P H 3 was  
c o n d e n s e d  o n t o  0 . 3 6  mmol  o f  p u r i f i e d  N i  ( a l l y l  ) 2 i n  a 9 mm NMR 
r e a c t i o n  t u b e  e q u i p p e d  w i t h  a g a s  b u l b  a n d  a s t o p c o c k .  C H 2 C 1 2 wa s  
a d d e d  a s  a s o l v e n t .  T h e  r e a c t i o n  was m o n i t o r e d  b y  NMR 
s p e c t r o s c o p y .  N o  r e a c t i o n  wa s  o b s e r v e d  b e l o w  - 7 0 ° C .  A new n i c k e l  
c o n t a i n i n g  P H 3 p r o d u c t  b e g a n  t o  g r o w  i n t o  t h e  s p e c t r u m  a t  - 7 0 ° C .
( 5  = - 1 4 8  p p m ,  J p H = 2 9 0  H z ) .  A t  t e m p e r a t u r e s  b e t w e e n  - 5 0 ° C  a n d  
- 2 5 ° C  a n  e x c h a n g e  b e t w e e n  f r e e  a n d  c o o r d i n a t e d  P H 3 o c c u r s  a s  
i n d i c a t e d  b y  b r o a d e n i n g  a n d  c o a l e s c e n c e  o f  t h e  ~’ -t P NMR s i g n a l s .  When 
t h e  s a m p l e  i s  r e c o o l e d  t o  ~ 8 0  ,  t h e  f r e e  a n d  n i c k e l  c o o r d i n a t e d  P H 3 
a p p e a r  i n  a b o u t  e q u a l  p o r t i o n s .  T h e  s a m p l e  was a c l e a r  o r a n g e
s o l u t i o n  t h r o u g h o u t  t h i s  e x p e r i m e n t .
R e a c t i o n  o f  N K C O b  a n d  P F ^ .  A 0 . 2  mmol  s a m p l e  o f  N i ( C 0 ) 4 wa s  
c o n d e n s e d  i n t o  a 9 mm NMR t u b e  e q u i p p e d  w i t h  a g a s  b u l b .  0 . 8  mmol  o f  
P F ,  a n d  1  ml o f  C H 2C 1 2 w e r e  c o n d e n s e d  o n t o  t h e  f r o z e n  N 1 ( C O ) 4 .  T h e  
r e a c t i o n  w a s  m o n i t o r e d  b y  1 9 F  NMR s p e c t r o s c o p y  a t  - 8 0 #C ,  - 4 5 * C ,  - 1 7 * C
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R e a c t i o n  o f  N i  ( P F ^ ) d a n d  C O . A 0 . 2  mmol s a m p l e  o f  N i ( P F 3 ) 4 w a s  
c o n d e n s e d  i n t o  a 9 mm NMR t u b e  e q u i p p e d  w i t h  a g a s  b u l b .  T h e  v o l u m e  
o f  t h e  N M R / r e a c t i o n  t u b e  w a s  p r e v i o u s l y  d e t e r m i n e d  t o  be 1 6 4 . 4  m l .
1 ml o f  C H 2C 12 ( m e a s u r e d )  wa s  c o n d e n s e d  i n t o  t h e  b o t t o m  o f  t h e  
t u b e .  A s s u m i n g  t h a t  t h e  v o l u m e  o f  t h e  t u b e  wa s  now 1 6 3 . 4  m l ,  CO g a s  
w a s  a l l o w e d  t o  e x p a n d  i n t o  t h e  t u b e  u n t i l  0. 8  mmo l s  ( 9 1  t o r r )  was 
c o l l e c t e d  i n  t h e  NMR t u b e .  T h e  r e a c t i o n  wa s  m o n i t o r e d  by v a r i a b l e  
t e m p e r a t u r e  ^ F  NMR e x a c t l y  a s  d e s c r i b e d  f o r  t h e  p r e v i o u s  r e a c t i o n .
A t  - 4 5 °  a n d  l o w e r  t e m p e r a t u r e s  t h e r e  w e r e  t wo  i m m i s c i b l e  l i q u i d  
p h a s e s .  A g a i n ,  t h e  p r o d u c t  s o l u t i o n  wa s  a l i g h t  y e l l o w  c o l o r .
R e a c t i o n  o f  N i ( P F ^ ) ^  a n d  P F ? H .  A 9 mm NMR t u b e  w i t h  a g a s
e x p a n s i o n  b u l b  w a s  c h a r g e d  w i t h  0 . 3  mmol o f  N i ( P F 3 ) 4 ,  1 . 1 0  mmol  P F 2 H 
a n d  -1  ml C H 2C 1 2 • T he r e a c t i o n  was m o n i t o r e d  by  v a r i a b l e  t e m p e r a t u r e
3 1 P NMR s p e c t r o s c o p y .  A t  - 8 0 ° C ,  N i ( P F 3 ) 4 i s  n o t  v e r y  s o l u b l e  i n  
C H 2C I 2 ;  h o w e v e r ,  a t  - 5 8 ° C  b o t h  s p e c i e s  w e r e  i n  s o l u t i o n .  NMR s p e c t r a  
w e r e  o b t a i n e d  a t  - 8 0 ° C ,  - 5 8 ° C ,  - 4 6 ° C ,  - 3 0 ° C  a n d  a t  - 2 5 ° C .  B e l o w  
- 2 6 ° C  t h e r e  w e r e  t w o  i m m i s c i b l e  l a y e r s ,  a y e l l o w  s o l u t i o n  on t o p  o t  a 
c l e a r  s o l u t i o n .  On f u r t h e r  w a r m i n g  t h e y  m i x e d  t o  b e c o me  o n e  y e l l o w  
s o l u t i o n .  On s t a n d i n g  a t  r o o m  t e m p e r a t u r e  f o r  1 h o u r ,  a y e l l o w
p r e c i p i t a t e  b e g a n  t o  f o r m .
R e a c t i o n  o f  N i ( P F o H ) ,  a n d  P F ^ .  A 0 . 9 7  n mo l  s a m p l e  o f  P F 3 wa s
c o n d e n s e d  o n t o  a p p r o x i m a t e l y  1 . 3 5  mmol N i ( P F 2H )4 i n  C H 2 C 1 2 - T h e  
r e a c t i o n  w a s  m o n i t o r e d  b y  l o w  t e m p e r a t u r e  3 1 P NMR s p e c t r o s c o p y .  T h e  
c o l o r l e s s  s o l u t i o n  b e c a m e  l i g h t  y e l l o w  on r e a c t i o n .
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C o m p o u n d s  a n d  R e a c t i o n s  D e s c r i b e d  i n  C h a p t e r  I I I
( C O ) - > N i L  ( L  = M e ? N P F ? ,  ( M e ? N ) 9 P F  a n d  C H , N C H ? C H 9t U C H 7 B >F ) .  I n  a 
t y p i c a l  r e a c t i o n ,  a 0 . 3 4  mmol  s a m p l e  o f  t h e  f l u o r o p h o s p h i n e  l i g a n d  
w a s  c o n d e n s e d  i n t o  a s a m p l e  t u b e  a l o n g  w i t h  d r i e d ,  d e g a s s e d  a n d  
d i s t i l l e d  C H 2C 1 2 .  T h e  s a m p l e  w a s  w a r me d  a n d  m i x e d  so t h a t  a 
h o m o g e n e o u s  s o l u t i o n  w a s  o b t a i n e d  a n d  t h e n  i t  wa s  f r o z e n  t o  - 1 9 6 ° C .  A 
2 . 6 1  mmol  s a m p l e  o f  N i  ( C O ) 4 wa s  t h e n  c o n d e n s e d  o n t o  t h e  f r o z e n  
l i g a n d / s o l  v e n t  s y s t e m .  A t  l e a s t  a 2 : 1  e x c e s s  o f  N i ( C O ) 4 i s  n e e d e d  t o  
e n s u r e  p r e p a r a t i o n  o f  t h e  m o n o s u b s t i t u t e d  s p e c i e s .  T h e  r e a c t i o n  t i m e  
w a s  u s u a l l y  2 - 3  h r s .  a t  - 3 0 ° C .  A t  O ’ C o r  r o o m  t e m p e r a t u r e  t h e  
r e a c t i o n  w a s  mu c h  f a s t e r  b u t  t h e n  d i s p r o p o r t i o n a t i o n  b e c a me  mo r e  o f  a 
p r o b l e m .  T h e  r e a c t i o n s  w e r e  a l l  q u a n t i t a t i v e  b a s e d  on t h e  
c o n s u m p t i o n  o f  t h e  p h o s p h i n e  l i g a n d  a s  m o n i t o r e d  b y  3 1 P N M R .  T h e  
l i b e r a t e d  C O ,  a s  m e a s u r e d  i n  t h e  T o e p l e r  pump s y s t e m ,  i n d i c a t e d  l o s s  
o f  o n e  CO f o r  e a c h  p h o s p h i n e  l i g a n d  i n c o r p o r a t e d  i n t o  t h e  c o m p l e x .
T h e  p u r e  c o m p o u n d s  c a n  be i s o l a t e d  by h o l d i n g  t h e  c o l o r l e s s  s o l u t i o n s  
a t  - 2 3 ° C  a n d  d i s t i l l i n g  t h e  e x c e s s  N i ( C 0 ) 4 a n d  C H 2C 1 2 i n t o  a t r a p  a t  
- 1 9 6 ° C .  I n  e a c h  c a s e  t h e  r e s u l t i n g  m o n o s u b s t i t u t e d  c o mp o u n d  wa s  p u r e
a s  m o n i t o r e d  b y  3 1 P NMR a t  - 3 0  C .
( r . 0 ) , N i ( P F ? H ) .  i n  a t y p i c a l  r e a c t i o n ,  0 . 2 5  ™ o l  o f  P F . H  wa s
c o n d e n s e d  i n t o  a b o t t o m  o f  a  9 nn.  o . d .  N M R / r e a c t i o n  t u b e  e q u i p p e d
w i t h  a g a s  e x p a n s i o n  b u l b .  A c o n n e c t i n g  j o i n t  w i t h  a s t o p c o c k
a t t a c h e d  t n e  s » s t e „  t o  . n e  » . c » .  l i n e .  « "  e x c e s s  o f  P F 2 H s n o u l d  de
a v o i d e d .  A p p r o x i m a t e l y  0 . 7 5  , 1  C H 2C 1 2 « s  t n e n  c o n d e n s e d  I n t .  w e
s a m p l e  t u b e .  T d e  s a m p l e  w a s  . a r m e d  t , 1 e f l ,  *  d O t a l n  a h o m o g e n e o u s
s o l u t i o n  a n d  t n e n  - a s  r e f r o z e n .  K « C 0 , 4> 1 - o ! .  c o n d e n s e d  d n t o
t h e  f r o z e n  P F 2 H / C H 2 C 1 2 s o l u t i o n  b y  u s i n g  l i q u i d  n i t r o g e n .  T h e  
r e a c t i o n  t u b e  w a s  r e m o v e d  f r o m  t h e  v a c u u m  l i n e  a n d  a l l o w e d  t o  wa r m t o  
- 8 0 ° C  i n  t h e  NMR p r o b e .  R e a c t i o n  p r o g r e s s  wa s  m o n i t o r e d  b y  3 1 P NMR 
s p e c t r o s c o p y .  No  r e a c t i o n  wa s  o b s e r v e d  a f t e r  0 . 5  h r .  a t  - 8 0 * C .  T h e  
p r o b e  t e m p e r a t u r e  w a s  t h e n  r a i s e d  t o  - 6 0 * C .  a n d  i n  l e s s  t h a n  t e n  
m i n u t e s  t h e  new n i c k e l  c o o r d i n a t e d  d i f l u o r o p h o s p h l n e  b e g a n  t o  f o r m .  
A f t e r  2 h o u r s  a t  - 6 0 * C  a p p r o x i m a t e l y  t w o - t h 1 r d s  o f  t h e  P F 2 H has  
r e a c t e d .  A f t e r  t h e  I n i t i a l  r e a c t i o n ,  t h e  r e a c t i o n  p r o g r e s s e d  mo r e  
s l o w l y .  A f t e r  2 m o r e  h o u r s  a t  - 6 0 ° C  a n d  1 5  h o u r s  a t  - 4 5 ' C ,  l o w  
t e m p e r a t u r e  NMR s p e c t r a  v e r i f i e d  t h a t  t h e  P F 2 H w a s  v i r t u a l l y  a l l  
c o n s u m e d ;  2% o f  t h e  P F 2 H w a s  s t i l l  p r e s e n t .  A n  86? y i e l d  o f  
( C 0 ) 3 N i ( P F 2 H )  w a s  o b t a i n e d .  Some ( C 0 ) 2N i ( P F 2H ) 2 ,  12% was  a l s o  
p r o d u c e d .  T h e  c o m p o u n d  c a n  b e  I s o l a t e d  f r o m  t h e  v e r y  l i g h t  y e l l o w  
s o l u t i o n  b y  t r a p - t o - t r a p  f r a c t i o n a t i o n .  T h e  s a m p l e  wa s  h e l d  a t  O ' C  
a n d  t h e  v o l a t i l e  c o m p o n e n t s  w e r e  c o l l e c t e d  i n  a - 1 9 6 ° C  t r a p .  T h e  
p r o d u c t  a n d  C H o C l o  h a v e  v e r y  s i m i l a r  v a p o r  p r e s s u r e s  a n d  so 
s e p a r a t i o n  p r o c e d u r e s  a r e  t i m e  c o n s u m i n g .  B o t h  C H 2C 1 2 a n d  
( C 0 ) 3 N i  ( P F 2H )  s l o w l y  d i s t i l l  f r o m  a - l l T C  t r a p  i n t o  a - 1 9 6 ° C  t r a p .  
H o w e v e r ,  w h e n  t h e  s a m p l e  i s  h e l d  a t  - 1 2 6 ° C  o n l y  t h e  ( C O ) 3 N 1 ( P F 2H )  
w i l l  m o v e  i n t o  a - 1 9 6 ' C  t r a p .  T h i s  s e p a r a t i o n  i s  v e r y  t e d i o u s  b u t  I t  
d o e s  a l l o w  f o r  t h e  i s o l a t i o n  o f  t h i s  c o m p l e x .
( C 0 ) 9N i ( P F 9H ) 9 .  I n  a t y p i c a l  r e a c t i n  1 ml  C H 2C 1 2 was  c o n d e n s e d  
i n t o  a 9 mm o . d .  N M R / r e a c t i o n  t u b e ,  w h i c h  wa s  e q u i p p e d  w i t h  a c a p p e d  
s i d e  a r m  s i m i l a r  t o  t h a t  d e s c r i b e d  p r e v i o u s l y .  W i t h  n i t r o g e n  g a s  
f l u s h i n g  t h e  s y s t e m ,  0 . 1 4  mmol  o f  ( C 0 ) 2 N 1 ( B 2H4 - 2 P M e 3 ) p o w d e r  wa s  
a d d e d  i n t o  t h e  s a m p l e  t u b e  t h r o u g h  t h e  s i d e  a r m .  T h e  y e l l o w  m a t e r i a l
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r e a d i l y  d i s s o l v e d  i n  C H 2 C 1 2 t o  g , y e  ,  y e „ o u  s o 1 u t f o n  U U f
d i s s o l v i n g  a l l  o f  t h e  n i c k e l  c o m p l e v ,  t n e  s a . c l e  wa s  d e g a s s e d  b y  a 
s e r i e s  o f  f r e e z e - t h a w  c y c l e s .  I n e  s o l u t i o n  w a s  t h e n  f r o z e n  w i t h  a 
l i q u i d  n i t r o g e n  b a t h  a n d  0 . 2 7  mmol  o f  P F 2 h wa s  c o n d e n s e d  o n t o  t h e  
f r o z e n  s a m p l e .  T h e  s a m p l e  t u b e  w a s  r e m o v e d  f r o m  t n e  v a c u u m  l i n e  a n d  
p l a c e d  i n  a - 1 0 0  C NMR p r o b e  a n d  m o n i t o r e d  b y  U p  N M R .  T h e  r e a o t l o n  
o c c u r r e d  r a p i d l y  a t  - l o o ' c .  I n  l e s s  t n a n  0 . 5  h r .  t n e  r e a c t i o n  wa s  
v i r t u a l l y  c o m p l e t e ,  y i e l d i n g  t h e  new n i c k e l  c o m p l e x ,  ( C 0 ) 2N i ( P F 2H ) 2 
a n d  t h e  u n c o o r d i n a t e d  B2 H4 . 2P M e 3 .  T h e  c o mp o u n d  c o u l d  be I s o l a t e d  
f r o m  t h e  c l e a r  y e l l o w  s o l u t i o n  b y  t r a p - t o - t r a p  f r a c t i o n a t i o n .  T h e  
s a m p l e  w a s  h e l d  a t  0 ° C  a n d  t h e  v o l a t i l e  c o m p o n e n t s  w e r e  c o l l e c t e d  i n  
a  - l g e ' C  t r a p .  T h e  s a m p l e  wa s  t h e n  h e l d  a t  0 ° C  a n d  a l l o w e d  t o  
d i s t i l l  t h r o u g h  - 8 0 ° C  t r a p  t o  a - 1 9 6 ° C  t r a p .  B2H4 - 2 P M e 3 c r y s t a l l i z e d  
i n  t h e  - 8 0  C t r a p .  T h e  p r o d u c t  a n d  C H 2C 1 2 w e r e  c o l l e c t e d  i n  t h e  
- 1 9 6 ° C  t r a p .  ( C 0 ) 2 N i  ( P F 2H ) 2 m o v e d  s l o w l y  o u t  o f  a - 9 5 ° C  t r a p .
H o w e v e r ,  w h e n  a - 1 1 1 ° C  t r a p  w a s  p l a c e d  a r o u n d  t h e  s a m p l e  a n d  t h e  
s a m p l e  w a s  a l l o w e d  t o  d i s t i l l  i n t o  a - 1 9 6 ° C  t r a p ,  t h e  p r o d u c t  
r e m a i n e d  i n  t h e  - 1 1 1 ° C  t r a p  a n d  C H 2C 1 2 w* s  c o l l e c t e d  v e r y  s l o w l y  i n  
t h e  - 1 9 6 ° C  t r a p .
R e a c t i o n  o f  ( C 0 ) ? N i ( P F ^ ) ?  a n d  P F ? H .  A s a m p l e  o f  ( C 0 ) 2 N i ( P F 3 ) 2 
w a s  p r e p a r e d  f r o m  t h e  r e a c t i o n  o f  0 . 2 3  mmol ( C O ) 2 Ni  ( B2H4 * 2 P M e 3 ) a n d
0 . 5 1  mmol  P F 3 i n  C H 2C 1 2 .  E x c e s s  P F 3 wa s  u s e d  t o  e n s u r e  c o m p l e t e  
r e a c t i o n .  T h e  p r o d u c t  i d e n t i t y  wa s  v e r i f i e d  by 3 1 P a n d  1 9 F  N MR.  T h e  
( C O ) 2 N i ( P F 3 )2 s o l u t i o n  wa s  a l i g h t  y e l l o w  c o l o r .  T h e  e x c e s s  P F 3 wa s  
r e m o v e d  b y  a f r e e z e - t h a w  t e c h n i q u e  u s i n g  - 9 5 ° C  a s  t h e  l o w  
t e m p e r a t u r e .  O n  t h e  a s s u m p t i o n  t h a t  0 . 2 3  mmol o f  ( C O ) 2N i ( P F 3 ) 2 wa s
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f o r m e d ,  0 . 2 2  mmol  o f  P F 2 H wa s  c o n d e n s e d  o n t o  t h e  f r o z e n  n i c k e l  
c o m p l e x  s o l u t i o n .  T h e  r e a c t i o n  was  m o n i t o r e d  b y  l o w  t e m p e r a t u r e  
a n d  N M R .  R e a c t i o n  o c c u r r e d  a s  d e s c r i b e d  i n  t h e  t e x t  a t  - 8 0 ° C .
T h e  r e a c t i o n  s o l u t i o n  wa s  a c l e a r  y e l l o w  c o l o r .
R e a c t i o n  o f  ( C O ) ? N i ( PF?H) ?  a n d  PF^. A 0 . 2 3  mmol  s a m p l e  o f  
( C O ) 2 N i ( P F 2H )2 w a s  p r e p a r e d  i n  a m a n n e r  s i m i l a r  t o  t h a t  d e s c r i b e d  
p r e v i o u s l y  f o r  ( C 0 ) 2 N i ( PF3 ) 2 • A mmol  s a m p l e  o f  PF3 w a s
c o n d e n s e d  o n t o  t h e  f r o z e n  n i c k e l  c o m p l e x  s o l u t i o n .  T h e  r e a c t i o n  w a s  
m o n i t o r e d  b y  31P a n d  ^ F  NMR a t  - 8 0 ° C .  T h e  r e a c t i o n  s o l u t i o n  wa s  a 
c l e a r  o r a n g e  c o l o r .
C o m p o u n d s  D e s c r i b e d  i n  C h a p t e r  I V
( M e ? N ) ? P H .  I n  a t y p i c a l  r e a c t i o n  1 mmol  o f  ( M e 2 N ) 2 P F  o r  
( M e 2 N ) 2 p C l  w a s  c o n d e n s e d  i n t o  t h e  b o t t o m  o f  9 mm o . d .  N M R / r e a c t i o n  
t u b e  e q u i p p e d  w i t h  a g a s  e x p a n s i o n  b u l b ,  a c a p p e d  s i d e  a r m ,  a n d  a 
c o n n e c t i n g  j o i n t  w i t h  a s t o p c o c k  a t t a c h i n g  t h e  s y s t e m  t o  t h e  v a c u u m  
l i n e .  T h e n ,  w i t h  n i t r o g e n  g a s  f l u s h i n g  t h e  s y s t e m  t h e  s i d e  a r m wa s  
u n c a p p e d  a n d  1 m i l l i l i t e r  ( 1  mmo l )  o f  L - S e l e c t r i d e  wa s  s y r i n g e d  o n t o  
t h e  f r o z e n  ( M e 2N ) 2 P X .  T h e  r e a c t i o n  s a m p l e  w a s  t h e n  r e m o v e d  f r o m  t h e  
v a c u u m  l i n e  a n d  a l l o w e d  t o  wa r m t o  - 2 3 ° C .  R e a c t i o n  p r o g r e s s  wa s  
m o n i t o r e d  b y  o c c a s s i o n a l  3 1 P NMR s p e c t r a .  I n  a b o u t  1 5 - 3 0  m i n u t e s ,  a 
11% y i e l d  o f  ( M e 2N ) 2 PH wa s  o b s e r v e d  by N M R .  T h e  o n l y  o t h e r  p r o d u c t s  
o b s e r v e d  w e r e  t h e  u n r e a c t e d  ( M e 2N ) 2 P F  a n d  a s l i g h t  a m o u n t  o f  ( M e 2 N ) 3 P 
i n  some o f  t n e  s a m p l e s .  T h e  a m o u n t  o f  ( M e 2 N ) 3 P i n c r e a s e s ,  a n d  t h e  
c o l o r l e s s  s o l u t i o n  s l o w l y  t u r n s  y e l l o w i s h  i f  t h e  s a m p l e  i s  h e l d  a t  
r o o m  t e m p e r a t u r e  f o r  e v e n  0 . 5  h o u r s .  T h i s  d e c o m p o s i t i o n  c a n  be 
p r e v e n t e d  by h o l d i n g  t h e  s a m p l e  a t  - 2 3 ° C .  T h e  ( M e 2 N ) 2 PH p r o d u c t  c a n  
be i s o l a t e d  b y  t r a p - t o - t r a p  f r a c t i o n a t i o n .  T h e  s a m p l e  wa s  h e l d  a t
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r o o m  t e m p e r a t u r e  a n d  t n e  v o l a t i l e  c o m p o n e n t s  w e r e  c o l l e c t e d  i n  a 
- 1 9 6 ° c  t r a p .  T h e  v o l a t i l e  m a t e r i a l s  w e r e  t h e n  f r a c t i o n a t e d  f r o m  a 
t r a p  h e l d  a t  - 3 1 ° C  a n d  t h r o u g h  t r a p s  h e l d  a t  - 6 3 ° C  a n d  a t  - 1 9 6 ° C .  
A f t e r  a b o u t  3 h o u r s  t h e  p r o d u c t  w a s  i s o l a t e d  i n  t h e  - 63 C t r a p  a s  
c l e a r  c r y s t a l s  t h a t  m e l t e d  e v e n l y  o n  w a r m i n g  t o  r o o m  t e m p e r a t u r e .
C H i j N C H ^ O M t C H ^ f r H .  T h e  c y c l i c  d i a l k y l a m i n o p h o s p h i n e  w a s  
p r e p a r e d  i n  a s i m i l a r  f a s h i o n  b y  t h e  o n e  t o  o n e  r e a c t i o n  o f  
C H 3 N C H ^ C H 2 N ( C H 3 ) ^ F  w i t h  L - S e l e c t r i d e  a t  - 2 3 ° C .  A 9 1 %  y i e l d  w a s  
i n d i c a t e d  b y  3 1 P N M R .  T h e  s o l u t i o n  r e m a i n e d  c o l o r l e s s  t h r o u g h o u t  t n e  
e x p e r i m e n t .
( C 0 ) T N i [ ( M e ? N ) 9P H ] .  A  s a m p l e  o f  ( C O ) 3 N i [ ( M e 2 N ) 2 p F ]  w a s  
p r e p a r e d .  V o l a t i l e  c o m p o n e n t s  w e r e  r e m o v e d  f r o m  t h e  s y s t e m  a - 2 3 ° C ,  
t h e n  a n  e q u a l  m o l a r  a m o u n t  o f  L - S e l e c t r i d e  w a s  s y r i n g e d  o n t o  t h e  
f r o z e n  f l u o r o p h o s p h i n e .  T h e  r e a c t i o n  wa s  m o n i t o r e d  b y  3 1 P NMR a t  
- 2 3 ° C .  T h i s  r e a c t i o n  w a s  s l o w e r  t h a n  t h e  c o m p a r a b l e  r e d u c t i o n  o f  t h e  
f r e e  l i g a n d  ( 6 0 %  a f t e r  1 0  h o u r s )  a n d  i t  i s  m o r e  c o m p l i c a t e d .  B o t h  
t h e  r e a c t a n t  a n d  p r o d u c t  d i s p r o p o r t i o n a t e  i n t o  t h e i r  d i -  a n d  t r i ­
s u b s t i t u t e d  n i c k e l  c o m p l e x e s  u p o n  s t a n d i n g  a t  - 2 3 ° C .  T h e  a d d i t i o n  o f  
CO p r e s s u r e  t o  t h e  s y s t e m  m i n i m i z e s  t h e  d i s p r o p o r t i o n a t i o n  o f  t h e  
p r o d u c t  p h o s p h i n e  t o  y i e l d  7 3% o f  t h e  m o n o s u b s t i t u t e d  p h o s p h i n e ,  
( C 0 ) 3 N i [ ( M e 2 N ) 2P H ] ,  a s  e v i d e n c e d  b y  3 1 P N MR .  T h e  p r o d u c t  s o l u t i o n  
w a s  a c l e a r  r e d - b r o w n  c o l o r .
( C O ) ^ N i [ C H I N C H 9C H 9 ( C H 7 ) N P H ] .  I n  an a n a l o g o u s  m a n n e r  t h e  m o n o ­
s u b s t i t u t e d  c y c l i c  p h o s p h i n e ,  ( C O ) 3 N i [ C H 3 N C H 2C H 2 ( C H 3 ) NI ^H] ,  w a s  
p r e p a r e d  b y  t h e  r e a c t i o n  o f  e x c e s s  L - S e l e c t r i d e  a n d  t h e  m o n o ­
s u b s t i t u t e d  f l u o r o p h o s p h i n e  a t  - 2 3 ° C .  U n l i k e  t h e  p r e v i o u s  r e a c t i o n
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t h i s  r e a c t i o n  i s  c l e a n  a n d  s h o w s  no d i s p r o p o r t i o n a t i o n .  NMR s p e c t r a  
s h o w  t h a t  a P - H  p r o d u c t  i s  o b t a i n e d  i n  a 49% y i e l d  a f t e r  4 h o u r s  a t  
- 2 3  C a n d  t h e  y i e l d  i n c r e a s e s  t o  7 1 %  a f t e r  22 h o u r s  a t  - 2 3 ° C .  T h e  
p r o d u c t  s o l u t i o n  w a s  a c l e a r  y e l l o w  c o l o r .
( C O  ) - j Ni  [ C H ^ N C H g C H g t C H ^ ) N P ]  + .  T h i s  c o m p o u n d  w a s  f i r s t  o b s e r v e d  
w h e n  t h e  y e l l o w  r e a c t i o n  m i x t u r e  f r o m  t h e  p r e p a r a t i o n  o f  
( C 0 ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H D  w a s  a l l o w e d  t o  s i t  a t  - 1 9 ° C  f o r  1 2  d a y s  
a s  d e s c r i b e d  i n  t h e  t e x t .  T h e  s o l u t i o n  b e c a m e  a d a r k  r e d - b r o w n  
c o l o r .  T h e  c a t i o n  w a s  a l s o  f o r m e d  w h e n  a 1 : 1  r a t i o  o f  P F 5 a n d  
( C O ) 3 N i [ C H 3 ISICH2 C H 2 ( C H 3 7 n P F ]  w a s  a l l o w e d  t o  r e a c t  a t  - 4 0 ° C  a s  v e r i f i e d  
b y  3 1 P NMR b y  D . - X .  J i a n g .  T h i s  same c a t i o n  w a s  n o t  f o r m e d  w h e n  a n  
a p p r o x i m a t e l y  1 . 4  mmol  s a m p l e  o f  ( C O ) 3 N i [ C H 3 N C H 2 C H 2 ( C H 3 ) N P H D  w a s  
a l l o w e d  t o  r e a c t  w i t h  1 . 0  mmol  o f  ( C ^ H ^ ) 3 C"hP F 0” .  A  d e f i c i e n c y  o f  t h e  
t r i t y l  c a t i o n  w a s  u s e d  t o  d i s c o u r a g e  s i d e  r e a c t i o n s .
R e a c t i o n s  D e s c r i b e d  i n  C h a p t e r  V
R e a c t i o n s  o f  PC 1 ^ ,  P F ^  a n d  P H ^  w i t h  S e l e c t r i d e s .  T e s t  r e a c t i o n s  
o f  P C I 3 ,  P F 3 ,  a n d  P H 3 w i t h  L - S e l e c t r i d e  w e r e  c o m p l e t e d .  I n  e a c h  c a s e  
a 1 : 3  r a t i o  o f  p h o s p h i n e  t o  S e l e c t r i d e  w a s  u s e d  a n d  t h e  r e a c t i o n s  
w e r e  m o n i t o r e d  b y  l o w  t e m p e r a t u r e  3 1 P N M R .  T h e  r e a c t i o n  o f  P C I 3 o r  
P F 3 w i t h  L - S e l e c t r i d e  y i e l d e d  P H 3 e v e n  a t  t e m p e r a t u r e s  a s  l o w  a s  
- 1 0 0 ° C .  P H 3 i t s e l f  w i l l  r e a c t  w i t h  L - S e l e c t r i d e ,  b u t  o n l y  a f t e r  
b e i n g  h e l d  a t  - 8 0 ° C  f o r  s e v e r a l  h o u r s  a s  d e s c r i b e d  i n  t h e  t e x t .  T h e  
p r o d u c t  s o l u t i o n s  w e r e  y e l l o w ,  r e d - b r o w n  a n d  c l e a r ,  r e s p e c t i v e l y ,  f o r  
P C I 3 ,  P f 3 a n d  P N 3 .
R e a c t i o n  o f  N i ( P C l ^ ) ^  w i t h  S e l e c t r i d e .  A 2 mmol  s a m p l e  o f  
N i ( P C I 3 ) 4  w a s  p l a c e d  i n  a t h r e e  n e c k  f l a s k  w i t h  a n i t r o g e n  i n l e t .  A n
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8 ml  s a m p l e  8 m m o l )  o f  L - S e l e c t r i d e  w a s  s y r i n g e d  i n t o  t h e  f l a s k .  
R e a c t i o n  o c c u r r e d  i m m e d i a t e l y  a t  r o o m  t e m p e r a t u r e :  g a s  ( p r o b a b l y  H 2 ) 
w a s  e v o l v e d  a n d  b l a c k  n i c k e l  p r e c i p i t a t e  f o r m e d .  A s a m p l e  o f  t h e  
s o l u t i o n  w a s  s y r i n g e d  i n t o  a n  NMR t u b e  a n d  o b s e r v e d  b y  N MR .
R e a c t i o n  o f  M e ? N P F ?  w i t h  S e l e c t r i d e . A 0 . 4 3  mmol  s a m p l e  o f  
M e 2 N P F 2 w a s  a l l o w e d  t o  r e a c t  w i t h  1 ml ( - 1  m m o l )  L - S e l e c t r i d e ,  i n  a
9 mm NMR t u b e  e q u i p p e d  w i t h  a g a s  e x p a n s i o n  b u l b .  T h e  r e a c t i o n  w a s  
m o n i t o r e d  b y  3 1 P NMR a t  - 2 3 ° C  a s  d i s c u s s e d  i n  t h e  t e x t .  T h e  s a m p l e  
r e m a i n e d  a c o l o r l e s s  s o l u t i o n  d u r i n g  t h e  r e a c t i o n .
R e a c t i o n  o f  ( C O ) ^ N i ( M e ? N P F ? )  w i t h  S e l e c t r i d e .  A 0 . 4 2  mmol  
s a m p l e  o f  ( C O ) 3 N i ( M e 2 N P F 2 ) w a s  a l l o w e d  t o  r e a c t  w i t h  1 ml ( - 1  m m o l )  
L - S e l e c t r i d e  i n  a 9 mm NMR t u b e  a t  - 2 3 ° C .  T h e  c o l o r l e s s  s o l u t i o n  
b e c a m e  a d a r k  r e d - b r o w n  c o l o r  on r e a c t i o n .  T h e  r e a c t i o n  w a s  
m o n i t o r e d  b y  3 1 P N M R .
R e a c t i o n  o f  N i C M e p N P F ? ) ^  w i t h  S e l e c t r i d e .  A 1  mmol  s a m p l e  o f  
N i ( M e 2 N P F 2 )4  w a s  a l l o w e d  t o  r e a c t  w i t h  e x c e s s  (6 m m o l )  L - S e l e c t r i d e  
i n  a t h r e e  n e c k  f l a s k  u n d e r  N 2 .  T h e  c o l o r l e s s  s o l u t i o n  b e c a m e  b r o w n  
o n s t a n d i n g  a t  r o o m  t e m p e r a t u r e ,  b u t  n o  p r e c i p i t a t i o n  w a s  o b s e r v e d .
A s a m p l e  w a s  s y r i n g e d  i n t o  a n  NMR t u b e .  ^ B ,  a n d  3 1 P s p e c t r a  
s h o w e d  n o  e v i d e n c e  f o r  r e a c t i o n ;  N i ( M e 2 N P F 2 )4  a n d  L - S e l e c t r i d e  w e r e  
p l a i n l y  t h e  o n l y  s p e c i e s  o b s e r v e d .
R e a c t i o n  o f  P F ? C 1  w i t h  S e l e c t r i d e s .  I n  a t y p i c a l  r e a c t i o n  1 
mmol  o f  P F 2C I  w a s  a l l o w e d  t o  r e a c t  w i t h  1 mmol  o f  L - ,  N - ,  o r  K -  
S e l e c t r i d e  i n  T H F  a t  t e m p e r a t u r e s  r a n g i n g  f r o m  - 1 0 0 ° C  t o  - 9 0 ° C .  I n  
a l l  c a s e s  P F 3 a n d  P H 3 w e r e  t h e  m a j o r  p r o d u c t s  u n d e r  t h e s e  
c o n d i t i o n s .  O t h e r  y e t  u n i d e n t i f i e d  P F 2 c o n t a i n i n g  s p e c i e s  w e r e  a l s o
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f o r m e d ,  a s  e v i d e n c e d  b y  P - F  c o u p l i n g  s e e n  o n  t h e  3 1 P NMR s p e c t r a  
o b t a i n e d .  No  e v i d e n c e  o f  P F 2 H f o r m a t i o n  w a s  s e e n  i n  t h e s e  
r e a c t i o n s .  T h e  a p p e a r a n c e  o f  t h e  p r o d u c t  s o l u t i o n s  v a r i e d  w i t h  t h e  
m e t a l  i o n .  W i t h  L - S e l e c t r i d e ,  t h e  s o l u t i o n  w a s  a r e d - b r o w n  c o l o r .  A 
r e d  p r e c i p i t a t e  f o r m e d  a t  - 8 0 ° C .  N - S e l e c t r i d e  w a s  l e s s  s o l u b l e  t h a n  
t h e  o t h e r s  a t  l o w  t e m p e r a t u r e s  a n d  f o r m e d  a c l e a r  y e l l o w  s o l u t i o n  o n  
r e a c t i o n  w i t h  P F 2C 1 .  T h e  r e a c t i o n  s o l u t i o n  w i t h  K - S e l e c t r i d e  
r e m a i n e d  c o l o r l e s s .  T h e  s o l u t i o n  w a s  q u i t e  v i s c o u s  b e l o w  - 9 5 ° C .
R e a c t i o n  o f  N i t P F ^ C l ) ^  w i t h  S e l e c t r i d e .  T h e  r e a c t i o n  o f  
a p p r o x i m a t e l y  0 . 2 5  mmol  N i ( P F 2C 1 )4  w i t h  1  ml ( - 1  m m o l )  L - S e l e c t r i d e  
w a s  m o n i t o r e d  b y  3 1 P NMR a t  - 3 0 ° C .  T h e  m a j o r  p r o d u c t  wa s  N i ( P F 3 ) 4 .  
O t h e r  p o o r l y  r e s o l v e d  p h o s p h o r u s  s h i f t s  w e r e  p r e s e n t .  T h e  c l e a r  
s a m p l e  t u r n e d  b l a c k ,  a n d  a b l a c k  p r e c i p i t a t e  r a p i d l y  f o r m e d  a t  - 8 0 ° C .
R e a c t i o n  o f  P F ? C1  w i t h  B 9H ^ .  A 0 . 5 6  mmol  s a m p l e  o f  P F 2C 1 wa s  
a l l o w e d  t o  r e a c t  w i t h  a 0 . 8 3  mmol  s a m p l e  o f  B 2 Hg i n  C H 2C 1 2 a t  - 8 0 ° C  
i n  a 9 mm N M R / R e a c t i o n  t u b e .  A f t e r  1 w e e k ,  3 1 P NMR s p e c t r a  s h o w e d  
t h a t  t h e  c o l o r l e s s  s o l u t i o n  c o n t a i n e d  P F 2C1 a n d  H 3 B * P F 2C1 a s  t h e  o n l y  
p h o s p h o r u s  c o n t a i n i n g  s p e c i e s .  R e a c t i o n  a t  - 1 0 ° C  f o r  3 d a y s ,  + 5 ° C  
f o r  2 d a y s  a n d  3 d a y s  a t  r o o m  t e m p e r a t u r e  s t i l l  d i d  n o t  p r o d u c e  a n y  
P F 2 H .  T h e  s a m p l e  t u r n e d  o r a n g e ,  a n d  a p r e c i p i t a t e  f o r m e d  on s t a n d i n g
a t  r o o m  t e m p e r a t u r e .
R e a c t i o n  o f  P F ? C 1  w i t h  L i A l [ 0 C ( C H ^ ) ^ ] .  A 0 . 2 5 4 1  g ( 1  m m o l )  
s a m p l e  o f  L i A 1 [ 0C ( C H 3 ) 3 ] 3 H wa s  d i s s o l v e d  i n  d i g l y m e  ( 2 - m e t h o x y e t h y l  
e t h e r )  u n d e r  N 2 a n d  w a s  s y r i n g e d  i n t o  a 9 mm N M R / r e a c t i o n  t u b e .  T h e  
s o l u t i o n  w a s  d e g a s s e d .  A 0 . 9 7  mmol  s a m p l e  o f  P F 2C1 wa s  c o n d e n s e d  
o n t o  t h e  f r o z e n  d i g l y m e  s o l u t i o n .  T h e  s o l u t i o n  wa s  a c l e a r  o r a n g e
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l i q u i d  t h a t  s l o w l y  s o l i d i f i e d  a t  - 8 0 ° C .  T h e  s o l u t i o n  b e c a m e  d a r k  r e d  
o n  w a r m i n g  t o  - 6 0 ° C .  T h e  r e a c t i o n  wa s  t h o r o u g h l y  m o n i t o r e d  b y  
NMR a t  - 6 0 ° C ,  - 2 0 ° C ,  - 1 2 ° C  a n d  + 5 ° C .  N o  r e a c t i o n  w a s  o b s e r v e d .
P f ^ C l  d o e s  h a v e  a s o l v e n t  d e p e n d e n t  s h i f t  i n  d i g l y m e  a s  d i s c u s s e d  i n  
t h e  t e x t .
R e a c t i o n  o f  P F 9C1  w i t h  [ ( C H q ) 9C H C H 9 ] A l H .  A 1 ml ( 1  m m o l ) s a m p l e  
o f  [ ( C H 3 ) 2 C H C H 2 ] A 1H i n  h e x a n e s  wa s  s y r i n g e d  u n d e r  N 2 i n t o  a 9 mm NMR 
r e a c t i o n  t u b e  t h a t  i s  e q u i p p e d  w i t h  a s i d e  a r m .  T h e  s o l u t i o n  wa s  
d e g a s s e d  a n d  t h e n  1 . 0 5  mmol  P F 2C1 wa s  c o n d e n s e d  o n t o  t h e  f r o z e n
o 1
s a m p l e .  T h e  r e a c t i o n  w a s  m o n i t o r e d  by  l o w  t e m p e r a t u r e  P N M R .  S l o w  
P H 3 f o r m a t i o n  w a s  f i r s t  e v i d e n c e d  a t  - 8 0 ° C .  T h e  c o l o r l e s s  s o l u t i o n  
b e c a m e  l i g h t  y e l l o w  a f t e r  1 w e e k  a t  - 8 0 ° C ,  a n d  a y e l l o w  p r e c i p i t a t e  
w a s  f o r m e d .  F u r t h e r  r e a c t i o n  a t  - 6 0 ° C  p r o d u c e d  o n l y  m o r e  P H 3 .  N o  
s i g n a l  f o r  P F 2 H w a s  o b s e r v e d .
( M e p N ) 9 PH w i t h  B F ^ .  I n  a t y p i c a l  r e a c t i o n  a 1 : 4  m o l e  r a t i o  o f  
( M e 2 N ) 2 PH a n d  B F 3 w a s  c o n d e n s e d  i n t o  a 9 mm NMR t u b e  w i t h  a g a s  
b u l b .  C H 2 C I 2 w a s  a d d e d  a s  a s o l v e n t .  T h e  r e a c t i o n  w a s  m o n i t o r e d  
f r o m  - 8 0 ° C  t o  a m b i e n t  t e m p e r a t u r e  b y  3 1 P N M R .  ^ B ,  1 9 F  a n d  
s p e c t r a  w e r e  a l s o  o b t a i n e d .  When a s m a l l  s c a l e  r e a c t i o n  ( 0 . 1  mmol  
( M e 2 N ) 2 P H ,  0 . 1 9  mmol  B F 3 ,  C H 2C 1 2 s o l v e n t ,  5 mm t h i c k - w a l l e d  NMR t u b e )  
w a s  r u n  a new P - H  p r o d u c t  w a s  o b t a i n e d  a t  - 8 0 ° C  a s  d e s c r i b e d  i n  t h e  
t e x t .  T h i s  p r o d u c t  w a s  p r e s e n t  up t o  a m b i e n t  t e m p e r a t u r e ,  b u t  a f t e r  
s e v e r a l  h o u r s  d e c o m p o s i t i o n  o c c u r r e d .  T h e  s o l u t i o n  wa s  a l i g h t  
y e l l o w  c o l o r ,  w i t h  y e l l o w  c r y s t a l  f o r m a t i o n  a t  - 8 0 ° C .  On  w a r m i n g  t o  
a m b i e n t  t e m p e r a t u r e  t h e  c r y s t a l s  d i s s o l v e d  a n d  t h e  s a m p l e  b e c a m e  m o r e  
o r a n g e  c o l o r e d .  T h i s  p r o d u c t  w a s  o n l y  o b t a i n e d  o n c e ,  a n d  F 3 B « N M e 2 H
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w a s  s t i l l  t h e  m a j o r  p r o d u c t  b y  a n d  N MR .
i _ M e ? N ) p P H  w i t h  H C 1 .  T h i s  r e a c t i o n  wa s  t r i e d  t w i c e  u s i n g  
d i f f e r e n t  m e t h o d s .  T h e  f i r s t  r e a c t i o n  o f  0 . 5 5  mmol  ( M e 2 N ) a n d  
2 . 1 9  mmol  HC1  i n  T H F  wa s  m o n i t o r e d  b y  3 1 P NMR a t  - 6 0 ° C .  T h e  r e a c t i o n  
p r o c e e d s  q u i c k l y ,  a s  l a r g e  a m o u n t s  o f  y e l l o w  s o l i d  p r e c i p i t a t e d  a n d  
t h e  s i g n a l  f o r  ( M e 2N ) 2 PH d e c r e a s e s .  A s h o r t  l i v e d  ^ P ^ H }  s p e c i e s  
a t  1 6 9 . 4  ppm w a s  o b s e r v e d ,  b u t  i t  d i s a p p e a r e d  b e f o r e  a n  u n d e c o u p l e d  
s p e c t r u m  c o u l d  b e  o b t a i n e d ,  s o  t h e r e  i s  no  e v i d e n c e  t o  p r o v e  o r  
d i s p r o v e  t h e  f o r m a t i o n  o f  PC 1 2 H • T h i s  e x p e r i m e n t  w a s  h a m p e r e d  b y  t h e  
f o r m a t i o n  o f  t o o  m u c h  p r e c i p i t a t e  f o r  NMR o b s e r v a t i o n  a n d  b y  t h e  f a c t  
t h a t  t h e  s a m p l e  f r o z e  a t  - 6 0 ° C .  T h e  v o l a t i l e  c o m p o n e n t s  o f  t h i s
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s a m p l e  w e r e  r e m o v e d  a n d  o b s e r v e d  b y  X P N M R .  T w o  s m a l l  u n i d e n t i f i e d  
p e a k s  a t  1 1 7  ppm a n d  8 2 . 3  ppm w e r e  o b s e r v e d .  F u r t h e r  w o r k  w a s  n o t  
d o n e  o n  t h i s  s a m p l e .  I f  P C 1 2 H w a s  f o r m e d  i t  m o s t  l i k e l y  w a s  v e r y  
s e n s i t i v e  a n d  r a p i d l y  d e c o m p o s e d .
A  s e c o n d  r e a c t i o n  wa s  a t t e m p t e d .  A 0 . 4 8  mmol  s a m p l e  o f  
( M e 2 N ) 2 PH w a s  a l l o w e d  t o  r e a c t  w i t h  1 . 9 7  mmol  HC1  w i t h o u t  s o l v e n t  i n  
a f a s h i o n  v e r y  s i m i l a r  t o  t h a t  u s e d  f o r  t h e  p r e p a r a t i o n  o f  P F 2 C 1 .
T h e  r e a g e n t s  b e g i n  t o  r e a c t  i m m e d i a t e l y  on w a r m i n g  t o  - 8 0 ° C .  T h e  
r e a c t i o n  w a s  c o n t i n u e d  f o r  30 m i n u t e s  a t  - 8 0 ° C .  A l a r g e  a m o u n t  o f  
y e l l o w  p r e c i p i t a t e  f o r m e d  a n d  a w h i t e  p r o d u c t  c o n d e n s e d  a t  - 8 0 ° C .
T h e  v o l a t i l e  p r o d u c t s  w e r e  d i s t i l l e d  f r o m  a - 8 0 ° C  t r a p  t h r o u g h  a 
- 1 6 0 ° C  t r a p  i n t o  a - 1 9 6 ° C  t r a p .  PC 1 2 H s h o u l d  be q u i t e  v o l a t i l e ,  b u t  
l e s s  v o l a t i l e  t h a n  P F 2 H ;  i t  s h o u l d  d i s t i l l  o u t  o f  a - 8 0 ° C  t r a p  b u t  i t  
s h o u l d  s t o p  i n  a - 1 6 0 ° C  t r a p .  A  0 . 0 5  mmol  s a m p l e  c o n d e n s e d  i n t o  t h e  
1 6 0 ° C  t r a p .  I n f r a r e d  d a t a  w e r e  o b t a i n e d  on t h i s  s a m p l e .
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D e s c r i p t i o n  o f  H F  r e a c t i o n  s y s t e m .  A T e f l o n  F E P  t r a p  ( 3 / 4  i n c h  
O D ,  5 / 3  i n c h  I D )  w a s  p r e p a r e d  c o u r t e s y  o f  K a r l  C h r i s t e  ( R o c k e t d y n e  
C o r p . )  f r o m  t u b i n g  a c q u i r e d  f r o m  G a l t e k  C o r p .  a n d  w a s  f i t  w i t h  t h e  
f o l l o w i n g  c o n n e c t o r s .  F i r s t  a S w a g e l o k  i n s e r t  ( 3 / 4  i n c h  O D ,  5 / 8  i n c h  
I D ,  p a r t  n u m b e r  S S - 1 2 1 5 - 1 0 )  w a s  p l a c e d  i n s i d e  t h e  r i m  o f  t h e  T e f l o n  
t r a p s  t o  g i v e  t h e  t r a p s  m o r e  s u p p o r t .  A S w a g e l o k  f e m a l e  c o n n e c t o r  
( 3 / 4  i n c h  O D ,  1 / 2  i n c h  N P T  p a r t  n u m b e r  S S - 1 2 1 0 - 7 - 8 )  wa s  a t t a c h e d  t o  
t h e  t r a p .  A  C a j o n  p i p e  b u s h i n g  ( 1 / 2  i n c h  t o  1 / 4  i n c h ,  p a r t  n u m b e r  
S S - 8 - R B - 4 )  w a s  a t t a c h e d  t o  r e d u c e  t h e  s i z e  o f  t h e  o p e n i n g .  N e x t  a n  
o n - o f f  N u p r o  p l u g  v a l v e  ( 1 / 4  i n c h  m a l e  N P T ,  1 / 4  i n c h  S w a g e l o k ,  p a r t  
n u m b e r  3 1 6 5 5 - 4 P 4 T 1 )  w a s  c o n n e c t e d .  T h i s  a l l o w s  f o r  t h e  t r a p  t o  be 
c o m p l e t e l y  r e m o v e d  f r o m  t h e  v a c u u m  l i n e  w i t h o u t  o p e n i n g  t o  t h e  
a t m o s p h e r e .  A  1 / 4  i n c h  S w a g e l o k  f i t t i n g  w a s  a t t a c h e d  t o  a l l o w  f o r  a 
g l a s s - m e t a l  s e a l ,  a n d  t h e  g r o u n d  g l a s s  j o i n t s  o f  c h o i c e  w e r e  u s e d .  
T e f l o n  f e r r u l e s  w e r e  u s e d  t h r o u g h o u t  a n d  t h e  N P T  s e a l s  w e r e  f i r s t  
w r a p p e d  w i t h  T e f l o n  t a p e  t o  i n s u r e  a c o m p l e t e  s e a l .
T h i s  t r a p / r e a c t i o n  v e s s e l  w a s  a t t a c h e d  t o  a g l a s s  v a c u u m  l i n e  
d i r e c t l y  a d j a c e n t  t o  t h e  H F  i n l e t .  O n l y  a s m a l l  p o r t i o n  o f  t h e  g l a s s  
l i n e  w a s  " s a c r i f i c e d "  i n  t h i s  p r o c e s s .
( M e ? N ) 9 PH w i t h  H F .  A 1 . 1  mmol  s a m p l e  o f  ( f ^ N ^ P H  w a s  c o n d e n s e d  
o n t o  a n  u n m e a s u r e d  ( e x c e s s )  a m o u n t  o f  H F  f r o z e n  i n  t h e  p r e v i o u s l y  
d e s c r i b e d  T e f l o n  F E P  t r a p .  T h e  m i x t u r e  w a s  a l l o w e d  t o  r e a c t  a t  
- 8 0 ° C ,  a n  o r a n g e - y e l l o w  p r e c i p i t a t e  f o r m e d  r a p i d l y .  T h e  - 8 0 ° C  
v o l a t i l e  c o m p o n e n t s  w e r e  f r e q u e n t l y  s a m p l e d  by i n f r a r e d  s p e c t r o s c o p y .  
A f t e r  2 h o u r s  a t  - 8 0 ° C  n o  P F 2 H f o r m a t i o n  w a s  o b s e r v e d .  P F 3 w a s  a 
m a j o r  p r o d u c t  a t  - 8 0 ° C .  T h e  r e a c t i o n  m i x t u r e  w a s  t h e n  h e l d  a t  0 ° C
1 8 7
1 8 8
f o r  15 m i n u t e s  a n d  t h e n  c o o l e d  t o  - 8 0 ° C .  T h e  - 8 0 ° C  v o l a t i l e  
c o m p o n e n t s  ( . 2  mmo l )  w e r e  t h e n  s a m p l e d ,  a n d  I R s p e c t r a  s h o w e d  t h a t  a 
s m a l l  a m o u n t  o f  P F 2 H h a d  f o r m e d  a l o n g  w i t h  S i a n d  o t h e r  
u n i d e n t i f i e d  s i d e  p r o d u c t s .  F u r t h e r  w a r m i n g  t o  r o o m  t e m p e r a t u r e  
p r o d u c e d  n e g l i g i b l e  a m o u n t s  o f  - 8 0 ° C  v o l a t i l e  m a t e r i a l .
( C O ) ^ N i [ ( M e ? N ) ? P H ]  w i t h  H F .  A s a m p l e  o f  ( C 0 ) 3 N i [ ( M e 2 N ) 2 P H ]  
( a p p r o x i m a t e l y  0 . 5  mmo l )  wa s  p r e p a r e d  i n  t h e  p r e v i o u s l y  d e s c r i b e d  
T e f l o n  t r a p  s y s t e m .  T H F  wa s  t h e  s o l v e n t  d u e  t o  t h e  u s e  o f  L -  
S e l e c t r i d e .  A l i m i t e d  a m o u n t  o f  H F  wa s  a d d e d  t o  t h e  s y s t e m .  T h e  
a c t u a l  a m o u n t  w a s  n o t  m e a s u r e d  d u e  t o  e x p e r i m e n t a l  d i f f i c u l t i e s .  T h e  
m i x t u r e  wa s  a l l o w e d  t o  r e a c t  a t  - 8 0 °  f o r  1 h o u r .  T h e  s l i g h t l y  
r e d d i s h  ( C O ) 3 N i [ ( M e 2 N ) 2 P H ]  s o l u t i o n  t u r n e d  y e l l o w ,  a n d  a y e l l o w  
p r e c i p i t a t e  f e l l  o u t  o f  s o l u t i o n .  T h e  - 8 0 ° C  v o l a t i l e  c o m p o n e n t s  w e r e  
i n v e s t i g a t e d  u s i n g  i n f r a r e d  s p e c t r o s c o p y ;  t h e  p r e s e n c e  o f  
( C O ) 3 N i ( P F 2H ) wa s  o b s e r v e d .  R e a c t i o n  f o r  1 m o r e  h o u r  a t  - 8 0 ° C  
p r o d u c e d  no a d d i t i o n a l  ( C O ) 3 N i ( P F 2H ) .  T h e  s a m p l e  wa s  t h e n  h e l d  a t  
- 2 3 ° C  f o r  30 m i n u t e s  a n d  t h e  - 8 0 ° C  v o l a t i l e  c o m p o n e n t s  w e r e  
r e m o v e d .  I n f r a r e d  d a t a  s h o w e d  t h a t  a s m a l l  a m o u n t  o f  a d d i t i o n a l  
( C 0 ) 3 N i ( P F 2H )  h a d  f o r m e d .
T h e  r e a c t i o n  o f  ( C 0 ) 3 N i ( P F 2H )  a n d  e x c e s s  P M e 3 a t  r o o m  
t e m p e r a t u r e  f o r  1 5 m i n u t e s  c a u s e d  a y e l l o w  p r e c i p i t a t e  t o  f o r m  i n  t h e  
c o l o r l e s s  s o l u t i o n .  No e v i d e n c e  f o r  t h e  l i b e r a t i o n  o f  P F 2 H wa s  
o b t a i n e d .  When t h e  r e a c t i o n  wa s  r e p e a t e d ,  i n f r a r e d  s p e c t r o s c o p y  g a v e  
n o  e v i d e n c e  f o r  P F 2 H l i b e r a t i o n  a f t e r  a 2 h o u r  r e a c t i o n  p e r i o d  a t  
- 8 0 ° C ;  ( C 0 ) 3 N i ( P F 2H)  was s t i l l  p r e s e n t ,  a l t h o u g h  some s i d e  r e a c t i o n  
o c c u r r e d  a s  s u g g e s t e d  by  t h e  f o r m a t i o n  o f  a s m a l l  a m o u n t  o f  y e l l o w  
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